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Evolution—Not Revolution 


r | AHE introduction of machine switching in some of 
the larger cities has attracted a considerable amount 
of public interest. 

This public interest is by no means unnatural. 
Machine switching is, indeed, a remarkable achievement 
of engineering and mechanics. It accomplishes what 
would seem to be almost impossible. When completely 
installed in a city like New York, for example, it will 
make possible, without the assistance of any telephone 
operator, other than private branch exchange attendants, 
a telephone connection between the individual station of 
any telephone user and that of any one of over a million 
other telephone users, served by over a hundred central 
offices. It will accomplish this regardless of the class of 
service provided at the calling station—whether individual 
line, party line, private branch exchange, public pay 
station or coin box booth—and regardless of a similar 
range in the types of service provided at the called station. 

It connects each of these stations with operators who, 
through the toll or long distance lines, make available 
the entire facilities of the Bell System for connection with 
millions more of telephone users in all parts of the 
country. Furthermore, in the transition period, while 
some of the central offices are operated manually and 


[133] 











Bell Telephone Quarterly 





some by the machine switching system, it will provide 
interconnection in both directions between the manual 
and machine switching telephones without the necessity 
for any differentiation on the part of any subscriber. 

Viewed purely as an engineering accomplishment it 
may well claim the interest, if not the wonder, not only 
of those who do not understand its operation but of the 
relatively few who are familiar with its technical features. 

This public interest in machine switching has been 
further stimulated, as is also quite natural, by statements 
showing the considerable sums of money which will be 
required for expenditures along this line. In connection 
with the New York Telephone Company’s appeal for 
increased revenue, for instance, it has been stated that 
the amount required to finance its machine switching 
program up to the end of 1927 will be $65,000,000. 

Now, the expenditure of any such sum, if it were to be 
used to provide machine switching apparatus in place of 
manual apparatus still suited to service requirements, 
might well be classed as revolutionary. This, however, 
is not the case, nor does this sum represent the excess 
over what would be the cost of apparatus for manual 
operation. 


THE DEVELOPMENT OF A PROGRAM 


The development of the Bell System’s machine switch- 
ing program will be an evolution, not a revolution. There 
are not and cannot be revolutionary changes of policy in 
a business as large and as important as ours, whether 
these changes affect engineering policy or commercial 
policy. In the nature of things, both the business itself 
and the public it serves would suffer from shifts from the 
ordinary course of events that are sudden, drastic or 
radical. Changes must be made by evolution. 

Perhaps a review of the attitude of the system toward 
machine switching may illustrate what is meant by evolu- 
tion as applied to this particular branch of our activities. 
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Our engineers have always been alive to the necessity 
of substituting automatic devices for manual operation 
wherever this could be done without impairment of ser- 
vice and with economy of operation. Such substitutions 
have been going on from the beginning. The development 
of the present type of manual switchboard is an outstand- 
ing example of the benefits of this policy. Little by little 
many of the functions performed by the operators have 
been transferred to the apparatus itself. At one time 
the operator had to ring each called station individually, 
by turning a magneto generator crank. This is now done 
by machinery. On the earlier type of magneto switch- 
boards the signals were given by the falling of ‘‘drops”’ 
controlled by electric currents. These drops had to be 
restored to their original position by hand, so as to be 
ready for another call. Of course, the present type of 
common battery board, with electric bulb signals, does 
away with all this manual effort on the part of the 
operators. . 

These changes and many others have all tended to 
overcome the operating difficulties encountered as the 
system grew, substituting mechanical for manual opera- 
tions and so reducing the operating effort and improving 
service but necessitating, of course, increased investment 
and maintenance charges. 


The development of machine switching is in line with 
this well-established general policy. About twenty years 
ago it was concluded from a study of the trend of condi- 
tions that the time would ultimately come when machine 
switching operation would replace manual operation in 
some places and for some kinds of service. 

In order that this change where advisable might be 
made by a process of orderly evolution, an active and 
intensive study of the various problems involved in the 
proposed development was undertaken in the laboratory, 
in the shop and by the engineering staff. 
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CrerTAIN Economic Factors 


Apart from the mechanical and technical features 
involved, there were certain problems, which were purely 
economic in their nature, to be considered and decided. 
It early became apparent that the introduction of machine 
switching would mean a higher plant investment and, 
therefore, an increase in all carrying charges and in main- 
tenance. It was also apparent that it would mean a 
relatively lower payroll. The time to undertake the 
change, of course, would be, other things being equal, 
when the balance between the increases on the one hand 
and the decreases on the other was such as to show a 
lower net annual cost. 


General economic conditions were the controlling factor 
in determining when the machine switching program 
should be adopted. Up to the beginning of the World 
War conditions were not such as to justify the adoption 
of a machine switching program. The war and its after 
effects, however, produced changes in economic condi- 
tions, many of them in marked contrast with the previous 
trend of events, which were of the utmost importance in 
the consideration of this problem. 


Among these new factors in the situation was a higher 
wage scale, which affected both sides of the balance, since 
it increased the cost of plant on the one hand and the 
cost of operating on the other. Another factor was the 
increased cost of obtaining capital. A third was increased 
taxation, and the indirect results of increased taxation, 
which had been necessitated by the enormous expendi- 
tures required for the prosecution of the war. 

The fourth of these new factors—which later became 
very important—was the diminished supply of operators. 
The war opened up to women many fields of occupation 
that had been previously monopolized by men. The 
result was that fewer young women were available for 
work at the switchboard. This shortage was only par- 
tially reduced by the cessation of actual war activities, 
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for many of the young women who had gone into new 
lines of work remained in them, while many others, 
observing their success in these positions, followed their 
example. 

Good service with the manual switchboard depends 
largely upon the natural capability and the training and 
experience of the operator. 

Any tendency toward limitation of the supply of 
young women for this work or any change in conditions 
tending to shorten their term of service are tendencies 
operating against efficient service. The use of the tele- 
phone was increasing more rapidly than the population— 
itself one of the indirect results of post-war conditions. 
The percentage of women available for work at the switch- 
board was decreasing. 

With station growth in the large centers progressing 
at an unheard of rate and the number of central offices 
rapidly increasing, new problems of equipment and com- 
piexity of operation were foreseen. The number of trunk 
line groups connecting central offices multiplies rapidly as 
new offices are added. Increase in the number of offices 
complicates the operators’ work and adds to the liability 
of error. It was apparent that in some of the large cities 
we could not maintain much longer by the manual method 
the high standard of telephone service we had been pro- 
viding. From the standpoint of efficient service the 
advantages were, and would be, increasingly in favor of 
machine switching. It was clearly indicated that the 
time for the orderly introduction of machine switching in 
cities when such conditions existed had arrived. 


MEETING CHANGED- CONDITIONS 


Our continuous study of the problem during the pre- 
vious twenty years had made us ready. Adapting our- 
selves to changed conditions called for no revolutionary 
steps. The process of evolution, begun years before, was 
simply extended in scope. Nor was this extension in the 
scope of our program carried out along revolutionary 
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lines. Orderly introduction of machine switching simply 
meant that some of the growth of the business and some 
of the replacement of worn-out equipment in some places 
should be provided for by machine switching apparatus. 
It was not then and is not now contemplated that any 
manual apparatus is to be replaced by machine switching 
apparatus until it is worn out or for other reasons un- 
economical to continue in service. 

When the New York Telephone Company announces 
that its expenditures for machine switching apparatus up 
to the end of 1927 will amount to $65,000,000, it should 
be understood that this apparatus will be placed in service 
by exactly the process of evolution I have described. 
This announcement simply means that in that period 
the company expects to provide for the addition of equip- 
ment to serve some hundreds of thousands of additional 
telephone users. It means that in the ordinary course 
of business a large part of this additional equipment will 
be of the machine switching type. 

Another statement which has attracted considerable 
interest and caused some misunderstanding relates to the 
length of time which will be required, particularly in 
New York City, which is in a class by itself, to make the 
change to an exclusively machine operated system. When 
the New York Telephone Company announces that the 
change to the machine switching type of central office 
will not be completed in New York City until 1940 or 
thereabouts it simply means that this change will be 
brought about by this same process of evolution. It 
means that in the ordinary course of affairs the older 
central offices will have reached their replacement stage 
by the date specified and will have been replaced by others 
of the machine switching type. As the new installations 
are mainly of this type, the complete change to the 
machine switching system will have been made by approx- 
imately the date stated. 

But neither on that date, nor at any period between 
now and then, will operators become unnecessary. Many 
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will always be needed to handle toll and long distance 
calls, to give information and to act as assistants in cases 
of emergency or service irregularity. The requirements 
of switchboard workers will, however, come within the 
available supply. 


GROWTH A FEATURE OF THE PROBLEM 


There is nothing sensational or revolutionary about 
our policy in regard to machine switching. The only 
feature of the situation which approaches the sensational 
is the extraordinarily rapid increase in the cities’ telephone- 
using population. That is the thing which makes so 
extensive a program necessary. 

And this growth, enormous as it is, is the feature 
which makes it necessary to approach this problem 
exactly as we are approaching it. In providing telephone 
facilities, as in many other things, the surest way of 
avoiding revolution is by adopting a process of evolution. 
We are faced with the problem of meeting this extraordi- 
nary demand for telephone service. There are only two 
ways of solving this problem and we have chosen the 
wiser of the two. 

We might drift along with the current, only to awake 
suddenly to the realization that we must make a radical 
and drastic change in our course in order to avoid disaster, 
not alone to ourselves as a business organization but to 
the public which looks to us for service. Such a sudden 
and sweeping change could be made only at enormous 
expense, with unnecessary inconvenience to the public 
and with the probabilities all against the rendering of 
efficient service during the transition period. Such a 
change I should call a revolution. 

On the other hand, if we foresee the probabilities of 
the future in ample time to prepare for them, the necessary 
changes may be made with the least disturbance and at 
the least expense. Such a process of change is an evolution. 


H. B. THayer. 
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Some Fundamental Facts Regarding 
Telephone Rates 


panies have recently applied to regulatory bodies for 

approval of new schedules of telephone rates which 
involve increased rates for certain groups of their sub- 
scribers. This action on the part of these telephone 
companies has given rise to an impression in the minds 
of some that the prices charged for telephone service are 
substantially above their pre-war level and that there is 
something in the nature of the telephone business which 
leads to ever-increasing costs of operation and hence to 
a continuing necessity for upward revisions of telephone 
rates as time goes on. This impression has been strength- 
ened by the fact that the increases in rates now becoming 
effective have been deferred until the present time, when 
not only the general average of commodity prices, but 
also the rates or charges for certain public utility services 
in some areas, are below the peaks reached after the 
war. As against such an impression, what are the 
fundamental facts of the case? 

First, as to the relation of telephone rates at the 
present time to pre-war rates and to general prices. 
According to official statistics of the U. 8. Government, 
wholesale commodity prices average about 50% higher 
than in 1914, and the cost of living averages over 60% 
higher than before the war. But, taking Bell telephone 
rates throughout the country as a whole, we find that 
in terms of dollars they now average only 27% above 
the rates in 1914. The fact is, therefore, that compared 
with ten years ago, the dollar is worth more in the pur- 
chase of telephone service than in the purchase of com- 
modities in general, which means of course that average 
telephone rates are lower today than they were in the 
pre-war period, when calculated in dollars of equal value 
at both dates. That telephone rates are relatively lower 
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today then before the war is evidence that the downward 
trend in average telephone rates, which had been apparent 
for many years before the war, still continues. 

But this still leaves unanswered the query in the 
public mind as to why telephone rates in certain areas 
are being raised at this time. The reason is that in these 
areas the prices for telephone service have not yet been 
adjusted as nearly as they must be to the changed price 
levels of wages and commodities which enter into the 
cost of furnishing telephone service. These telephone 
rates must be raised to a point more nearly in line with 
the increased price of other things, for telephone com- 
panies cannot absorb through operating economies all of 
the increase in expenses resulting from the shrinkage of 
the dollar. 


THREE-FIFTHS OF OPERATING EXPENSES ARE WAGES 


In this connection, certain peculiar characteristics of 
the telephone business should be considered. For ex- 
ample, it is characteristic of the telephone industry that 
more than three-fifths of every dollar of operating 
expenses represents wage payments. This contrasts with 
a figure of 10 cents out of every dollar of operating 
expenses paid as wages in an “ideal” retail meat store, 
according to a study recently made by the Bureau of 
Business Research of the Northwestern University; and 
this figure affords an indication of the probable propor- 
tion of the wage factor in merchandising operations in 
general. As regards manufacturing industries, the Census 
of Manufactures of the United States for 1921 indicates 
that salaries and wages represented little, if any, more 
than 25% of total operating expenses of the establish- 
ments covered by the Census. As contrasted with the 
situation in such lines of business, a subscriber who pur- 
chases telephone service pays chiefly for labor, not for 
materials. There are indeed few industries in which 
wages count for so large a percentage of operating 
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expenses as the telephone industry. Wages of telephone 
workers are very much higher than their pre-war level, 
as are wages in other industries. 

Another important characteristic of the telephone 
industry is that, unlike most commercial and industrial 
businesses, it has practically all of its assets in the form 
of plant and equipment of a relatively permanent nature 
and very little in the form of inventories and working 
capital. In lines of business in which a large proportion 
of the necessary capital is invested in stocks of merchan- 
dise in process of distribution or in supplies of raw or 
semi-finished materials in process of manufacture, the 
total investment reflects rather promptly changes in the 
price levels of these goods and materials; and, conse- 
quently, capital charges upon the investment are also 
promptly readjusted and the readjustments quickly 
reflected in the expenses of the business. In the telephone 
industry, on the other hand, even an exceptional change 
in the market prices for labor and materials entering into 
plant, although immediately reflected in the cost of addi- 
tional plant and equipment, does not affect that portion 
of the investment represented by plant installed prior to 
the price or wage changes, except as the older elements 
of plant are gradually retired from service and are 
replaced with plant constructed at the new price level. 
This means that the effect upon the aggregate capital 
charges of telephone companies of the increased cost of 
additional plant and of replacements of plant retired from 
service has been gradual; and the fact that this item of 
telephone expenses has risen only relatively slowly is a 
contributing reason explaining why it had been possible 
for increases in telephone rates to be deferred in certain 
areas until the present time. 


MALADJUSTMENT IN GENERAL Price LEVEL 


But why, it may be asked, are any commodity prices 
declining at this time? The answer largely lies in the fact 
that during the war and post-war periods many prices, 
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unlike telephone rates, rose to a greater extent than did 
the average of all prices and are still high in comparison 
with the general price level. Moreover, factors such as 
those discussed above affect costs in various lines of busi- 
ness in varying degrees and, through costs, also affect 
prices divergently. As a result of this situation, there is 
now a marked dispersion among individual prices relative 
to general price averages. The accompanying chart, show- 
ing the present relationship of the prices at wholesale of 
various groups of commodities to their prices in 1914, 
based upon statistics of the U. 8. Government, affords 
some indication of the great maladjustment in the general 
price structure which exists at the present time. 

Now, such maladjustment of prices obviously cannot 
persist for any prolonged period of time. Price relation- 
ships which are still distorted as a result of the unequal 
price movements of the past ten years must eventually 
be restored to something approaching normal. This 
means, in general, that prices of commodities and services 
which are below the average relationship of all prices to 
pre-war levels will tend to rise, while prices which are 
above this relationship will tend to fall. The many 
conflicting price tendencies at the present moment give 
evidence that this process of general price readjustment 
is in progress. 


RESTORATION OF Price EQUILIBRIUM 


To recapitulate briefly, as a result of the war the value 
of the dollar has shrunk. In the process of shrinkage, 
normal relationships among prices of commodities and 
services have been distorted and are still largely out of 
balance. The necessary restoration of price equilibrium 
involves the readjustment of many prices—some upward, 
some downward. In the telephone business the moderate 
adjustment of rates necessitated by the changed value 
of the dollar has already been completed in many cases, 
but in certain areas has been deferred until the present 
time. This is partly a result of an effort by the companies 
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to offset by economies as large a part as possible of their 
increased expenses, and is partly due to the fact that some 
of the increased costs, such as those arising from the 
increased cost of new plant and plant replacing old plant 
retired from service, are not immediately reflected in full 
force as in the case of most other lines of business. The 
advances in telephone rates which have been made or 
are now becoming effective, then, are nothing more than 
a phase of the process whereby the telephone industry is 
adjusting itself to the new value of the dollar; and con- 
sideration of the rate adjustments in comparison with 
general price levels indicates that these adjustments are 
not inconsistent with the downward trend of average Bell 
telephone rates which prevailed before the war. 

As the war period recedes into the past, people are 
apt to forget that its effects upon the economic structure 
of the world are largely still with us. The fundamental 
facts regarding the bases for telephone rate changes, as 
outlined above, if understood by the public, should do 
much toward eliminating and preventing popular mis- 
conceptions as to the nature and significance of these 
changes. 

W. S. Grirrorp. 
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Science and Business 


Address to the U. S. Chamber of Commerce at Cleveland, 
Ohio, Thursday, May 8, 1924.* 


HAVE been asked to address the Chamber on the 
| subject of ‘Science and Business.’”’ More than we 

yet realize, the future of American business and 
commerce and industry is dependent upon the progress 
of science. 

The advancement of science is accomplished by scien- 
tific research of two kinds. The first is research in pure 
science, and the second is research in applied science. 
In the first of these—that relating to the domain of pure 
science—research is conducted solely for the sake of 
extending the boundaries of knowledge. In the second, 
research is conducted for the purpose of applying to 
practical uses the new knowledge discovered by the pure 
scientists. 

The investigators in pure science are guided by a 
philosophic purpose directed to the discovery of truth 
and the advancement of learning. They may be com- 
pared to explorers who discover new continents or islands 
or hitherto unknown territory. They are continually 
seeking to push forward the frontiers of knowledge. 

The work of the pure scientist is conducted without 
any immediate utilitarian motive, for, as Huxley has well 
said, ‘that which stirs their pulses is the love of knowl- 
edge and the joy of the discovery of the causes of things, 
the supreme delight of extending the realm of law and 
order ever farther toward the unattainable goals of the 
infinitely great and the infinitely small, between which 
our little race of life is run.” 


Tue VALUE OF PuRE SCIENCE 


The pure scientists are to be found in our universities 
and in our very small number of institutions for research 





*The speaker was at lag gs enon D. C., and his words were carried by special 
telephone wires to Cleveland, where, by means of a loud speaking telephone, he 
was heard by the entire audience. 
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in pure science. They are the advance guard of civiliza- 
tion. By their discoveries they furnish to the engineer 
and the industrial chemist and other workers in applied 
science the raw material to be elaborated into manifold 
agencies for the amelioration of the condition of man- 
kind, for the advancement of our business, the improve- 
ment of our industries, and the extension of our commerce. 

Unless the work of the pure scientist is continued and 
pushed forward with ever increasing energy, the achieve- 
ments of the industrial scientist will, in the course of 
time, diminish or degenerate. Many problems now con- 
fronting us cannot be solved by the industrial scientist 
alone, but must await further fundamental discoveries 
and new scientific generalizations. When considered with 
reference to a single branch of industry, no particular 
discovery in pure science is likely to appear at first to 
be of appreciable benefit, but when the total contributions 
of pure science are reviewed with regard to the industries 
as a whole, it is found that they have become of incalcula- 
ble value through adaptations to practical use by the 
commercial and industrial scientist. 

While the discoveries of the pure scientists are of the 
greatest importance to the higher interests of mankind, 
the practical benefits flowing from them, though certain, 
are usually indirect, intangible, or remote. From its 
very nature, pure science cannot support itself. Never- 
theless, it must be conducted regardless of its lack of 
pecuniary returns. The obligation of the public to 
support researches in pure science and the advantages 
which are certain to flow from such support are incal- 
culably great 

Michael Faraday, working in England, and Joseph 
Henry, working here in America at the same time, made 
fundamental discoveries in pure science underlying the 
art of electrical engineering. If we were to subtract from 
our present knowledge the contributions of these two 
great men and perhaps those of one or two others, the 
wonderful structure which our applied scientists, the elec- 
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trical engineers, have reared upon the foundation of 
knowledge provided by these investigators would dis- 
appear. 

But, notwithstanding these practical results which 
sooner or later are sure to follow from their work, the 
question for the pure scientists is not so much what use 
can be made of their discoveries, but rather what message 
do they bring, what truths do they reveal, what laws 
do they establish. 


A Question Put To NATURE 


An experiment in science is but a hypothetical ques- 
tion put to nature. She will answer truthfully every such 
question that we ask. She will make known to us all 
her secrets if we have but the skill properly to frame our 
questions and the wit to understand her answers. 

It is related that an English statesman before whom 
Faraday performed his fundamental experiment in electro- 
magnetism asked of him the forbidden question, ‘“‘What 
use is it?’ Faraday, without revealing the irritation 
which he must have felt, said, “Some day it may be 
developed so that you can taxit.’”’ Faraday was a good 
prophet, for upon his fundamental discoveries and those 
of the American, Joseph Henry, and I might include one 
or two others, there has been erected by our applied 
scientists the entire art of electrical engineering. Truly, 
these discoveries have been developed, for today man- 
kind is in possession of electrical property valued at more 
than twenty billions of dollars, and evidence is not lack- 
ing that others besides Faraday’s statesman are busy 
with the taxing of it. 

While the people of the United States and of other 
countries are under great obligations to support the work 
of the pure scientist, and while ultimately they will 
derive immense benefit therefrom, there is not the time 
at my disposal to develop this idea further. 
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Tue VALUE oF APPLIED SCIENCE 


My principal purpose today is to bring to the attention 
of the members of the Chamber the very great advan- 
tages which will come to them from establishing within 
their own organizations departments for scientific de- 
velopment and research devoted to the practical purpose 
of improving their own business. 

And now, coming to the work of the applied scientists, 
it can be said with truth that, considering the art of elec- 
trical engineering as it exists today, if we were to take 
away the contributions of the applied scientists, that 
which would be left would make a sorry showing. The 
entire art of telephony would disappear, and all of those 
wonderfully coordinated social and business activities 
depending upon that means of communication would 
instantly be paralyzed. 

In electric lighting and power, and transportation, 
the contributions of engineers and other applied scien- 
tists have been so important and so numerous that it is 
impossible to picture the chaos which would result if by 
some black magic their wonderful work should be undone. 
All of this work, it should be noted, has been accom- 
plished within the last fifty years. 

The importance of establishing within their own 
organizations departments of applied science, or, as they 
are sometimes called, departments of development and 
research, has been better appreciated in the chemical and 
metallurgical and electrical industries than in most others, 
and the results which they have secured for their organi- 
zations have abundantly justified the establishment and 
maintenance of such departments. 

I can best illustrate my point by a concrete example 
drawn from my own experience in the telephone art 
which has covered a period of more than forty years. 


Tue TELEPHONE LABORATORIES FOR APPLIED RESEARCH 


The Department of Development and Research, which 
is conducted under my direction, had very humble begin- 
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nings. At first, about 1875, it consisted of but one 
man, and then two, and then others were added. 
As the years went on, the work of the department 
proved to be so important and became productive of 
such good results that the number of workers was steadily 
increased until at the present time the total personnel 
of the department includes about 3,000 workers, about 
half of whom have scientific or engineering training, a 
large proportion being graduates of our American colleges 
and universities. The remaining personnel consists of 
mechanicians, draftsmen, clerical and administrative 
forces. 

In the beginning it was very difficult for us to obtain 
the necessary financial support even for the very small 
personnel and the limited laboratory equipment em- 
ployed. At the present time the budget of the depart- 
ment amounts to about $8,000,000 a year, and the 
laboratories alone occupy a large 13-story building pro- 
viding about ten acres of floor space. 

Unlike the laboratories of the pure scientists estab- 
lished for the discovery of fundamental laws and new 
truths without regard to their immediate utility, these 
laboratories are devoted to a severely practical purpose. 
They are organized on a strictly bu iness basis, and the 
work conducted in them is directed to no other purpose 
than improving and extending and conducting in a more 
economical manner the service which we render to the 
public. 


Tue Test or APPLIED RESEARCH 


The criterion which we apply to the work conducted 
in these laboratories is that of practical utility. Unless 
the work promises practical results it is not undertaken, 
and unless as a whole the work yields practical results 
it cannot and should not be continued. The practical 
question is, Does this kind of scientific research pay? 
If it does, it should be continued. If it does not, it 
should cease. 
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A consideration, therefore, of the practical results 
which have been obtained from this method of working 
will help us to a better understanding of our subject. 

In 1875 the entire telephone plant of the world could 
have been carried in the arms of a child. It consisted of 
two crude telephones and about 100 feet of wire over 
which Alexander Graham Bell spoke to his assistant, 
Thomas A. Watson. Starting with such feeble instru- 
ments, the personnel of these laboratories, by incessant 
experimentation and the expenditure of immense sums of 
money, have created a new art, inventing, developing, 
and making improvements great and small in telephone, 
transmitter, line, cable, switchboard and every other 
piece of apparatus and plant required in the transmission 
of speech. 

As one of the results of the cumulative improvements 
in the art coming from this unceasing organized effort, 
Dr. Bell, in 1915, was enabled to talk once more to 
Mr. Watson through the original historic instrument, 
although they were thousands of miles apart, the one 
at San Francisco and the other at New York. 

By the work of the applied scientists, these two original 
telephones have increased marvelously in numbers and 
in efficiency, and the first telephone line of 100 feet in 
length has been expanded into a network covering the 
continent, until the telephone system of the United States 
alone comprehends over 34,000,000 miles of wire, and 
over 15,000,000 telephone stations located throughout 
the whole country. The plant composing this system 
is conservatively valued at more than two billions of 
dollars. 

Pressing on to achieve still greater distances, the staff 
of these laboratories transmitted for the first time the 
human voice, without the use of wires, from Washington 
across the North American continent to San Francisco 
and even far out into the Pacific Ocean to the Hawaiian 
Islands, where words spoken at Washington were plainly 
heard. 
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By this same apparatus and by these same scientists, 
intelligible speech was for the first time transmitted across 
the Atlantic Ocean from Arlington, Va., and heard at 
Paris. This was done in 1915. Butstill higher achieve- 
ments now lie immediately before us. 

To this work done in applied science the people of 
the United States, and indeed of the world, are indebted 
for the highly developed telephone apparatus and methods 
now available for use in all countries, but in our own to 
an extent far greater than in any other land. 


PECUNIARY RETURNS OF APPLIED RESEARCH 


But it is not alone by these general results that I ask 
you to judge of the importance to the members of this 
Chamber of employing the services of the applied scien- 
tist. I will give some concrete examples showing definite 
pecuniary returns. 

From their very nature, not all the advantages result- 
ing to the telephone system from its researches in applied 
science are capable of definite evaluation. For example, 
no one can accurately appraise the value to the public of 
those improvements without which the present extensive 
telephonic system of the United States could not have 
been created. Such figures would be speculative and even 
when moderately stated would be so large as to be 
unbelievable. 

But I have made a survey of the work done during 
the period from 1900 to 1920, and choosing only ten 
items concerning which definite data could readily be 
obtained, the specific savings amount in round figures 
to $500,000,000. This means that the plant of the tele- 
phone system, if it could have been constructed at all, 
would have cost that amount more than it has cost.~ If 
we were to broaden our inquiry so as to include many 
other items and to cover the period prior to 1900, I feel 
sure that this figure would be more than doubled. 

The savings represented by these figures accrue to the 
public in a much larger measure than to the company, 
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for without these scientific developments the service which 
is now rendered to the public could be given, if at all, 
only at prohibitive cost. 

I think I have said enough to show that the establish- 
ment of a department of applied science has been of 
great advantage to the telephone system and of incal- 
culable benefit to the public. 


Tue EvipENCE oF APPLIED ELECTRICITY AND CHEMISTRY 


But the benefits flowing from the application of science 
to the telephone tell but a part of the story. The scientific 
development of the telephone gave a great stimulus to 
the whole electrical art, and following the invention of 
the telephone came the beginnings of the electric light 
and power industries. Many of the concerns engaged in 
these industries likewise established departments of 
development and research and the results which they 
have accomplished by taking advantage of the services 
of applied scientists have been astonishing in their 
magnitude and importance. 

The results which have been achieved by scientific 
workers in applied chemistry have also been of extraordi- 
nary value to the American industries. So great, indeed, 
have been the benefits to industry and business and com- 
merce through the employment of practical scientific 
methods that the value of applied science to our practical 
affairs has been abundantly established. 

But the number of concerns that have thus far 
adopted scientific research as an integral part of their 
organizations is very limited indeed, and these methods 
and these ideas which have proved of such great impor- 
tance in some of our industries have not yet been appre- 
ciated and adopted generally. In fact, I think it is true 
to say that only a beginning has been made. 

The message, therefore, which I have to deliver to the 
members of the Chamber today is that science can be of 
immense help to business, and that it is only with the 
aid of science that American business can keep pace with 
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the rapid advances which are now being made throughout 
the world. 


To BUSINESSES IN SEARCH OF INFORMATION 


How can the members of this Chamber find out for 
themselves in what way science can help their business? 
I am sure that those concerns that have already estab- 
lished departments of scientific development and research 
will be glad to give to members of the Chamber informa- 
tion concerning their methods and organization. 

In addition to this, I wish to call attention to the fact 
that at Washington are the headquarters of the National 
Academy of Sciences, devoted to pure science, and the 
National Research Council, devoted to both pure and 
applied science. The latter institution is not organized 
for the purpose of conducting research for any particular 
business concern, but it is organized so that together with 
its other functions it may give advice and help to all of 
those seeking to find out in what way science can aid 
their business. 

I think it is a matter of deep significance that just at 
this time the new building which houses both the National 
Academy of Sciences and the National Research Council 
has been dedicated. Already I have had conversations 
with officials of the Chamber of Commerce, the National 
Academy of Sciences, and the National Research Council 
looking to the establishment of helpful relations between 
these three great national bodies. I am a member of all 
three of them. I am sure that some plan will develop 
whereby through cooperation between science and business 
the results which have been obtained in a few industries 
may become widespread, and that the day will come 
when a department of development and research will be 
considered as essential to every industry as is the sales 
department, or accounting department, or any other 
department of its organization. 

At the dedication of the National Academy of Sciences 
and National Research Council building in Washington 


[153] 














Bell Telephone Quarterly 





a few days ago, the President of the United States gave 
a notable address during which he said, ‘““This magnificent 
building now being dedicated to science predicts a new 
day in scientific research. A new sun is rising. It is 
destined to illuminate the scientific world by illuminating 
this hall.”” That these prophetic words of the President 
will come true all scientists must agree. 

I am sure that this new sun, which is rising as surely 
as the sun will rise tomorrow, will illuminate also the new 
home of the United States Chamber of Commerce at 
Washington. I hope that in this new light the Chamber 
will investigate the boundless possibilities which must 
come from the employment of science in the service of 
business. 

Joun J. Carry. 
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The Bearing of Historical Analogy on 
Predictions as to the Future of 
General Commodity Prices 


AN we predict the probable future trend of general 

commodity prices in the United States by their 

course in the past? The chart on the next 
page presents a pretty faithful picture of the course of 
general commodity price averages in this country since 
the last decade of the Eighteenth Century, although for 
the early part of the period the index is primarily one of 
raw material prices. For the most part, the figures are 
derived from official government sources; but for the 
first 35 years covered by the chart they represent the 
results of researches made by Professor A. H. Hansen and 
others. The index from which the curve was drawn is 
related to the year 1914 as 100. The two most striking 
things about the chart are the presence of three peaks, 
roughly 50 years apart, and the fact that after each of 
the two earlier peaks the curve dips below the 100 or 
base line, after having risen well above 200. Many per- 
sons argue from analogy that some time in the course of 
the next one or two or three decades commodity price 
averages will return to pre-war levels at 100 or even 
lower. Does the method of historical analogy form an 
adequate basis of reasoning for this assumption? 

A few words about the chart. During the first two 
decades shown, dotted lines indicate years for which data 
are not available. During the period from 1862 to 1878, 
inclusive, two curves are shown. The upper curve, 
which is the lighter of the two, indicates prices in legal 
tender paper money, the currency of the time. The 
country had gone onto a paper money basis and defi- 
nitely abandoned the gold standard, and did not go back 
onto the gold standard until the beginning of 1879. The 
lower heavy line during those 17 years represents simply 
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the division of the successive annual figures represented 
by the upper line by the annual average price of gold in 
greenbacks during that period, as given by Professor 
W. C. Mitchell in his well-known work, “‘Gold, Prices and 
Wages Under the Greenback System.”’ Except for this 
period, the country was legally on a bimetallic basis 
during all the time covered by the chart up to 1873. 
Prices before the Civil War represent specie prices or 
prices in terms of bank notes that were on a par with 
specie. Professor Hansen’s price indices, for example, 
are based on Boston prices obtained from newspapers of 
the time, since only in Boston among the large cities of 
the first quarter of the Nineteenth Century were bank 
notes consistently at par with specie. 


Tue NAPOLEONIC WARS 


The price record represented by the chart begins in 
the year in which the first Bank of the United States was 
chartered; and that year also nearly coincides with the 
beginning of the French Revolution, the forerunner of 
the long period of Napoleonic Wars. !t seems hardly 
necessary to paint a detailed general picture of economic 
conditions in this country in the first quarter century 
covered by the chart. Politically, the United States was 
an independent nation; economically, as many writers 
have pointed out, it was still under a colonial regime. Fur- 
thermore, the effects of the Industrial Revolution were 
only just beginning to be felt in this country during that 
period. The products of the country were primarily those 
of the extractive industries, 7. e., raw materials, many of 
which had to be transported considerable distances within 
the country, and which furnished the great bulk of our 
domestic exports. In so far as they were worked up in 
this country, their manufacture was on a small scale, 
mostly by “household” industry, except for heavy 
products such as iron, and the finished product was likely 
to have a market which was geographically pretty 
restricted because of the cost of transportation, except as 
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coastwise shipping made for cheap carriage. Manufac- 
tured goods formed a large part of the goods imported 
for domestic use, and from Great Britain came the great 
bulk of our imports. 

The whole Western World was involved in the 
Napoleonic Wars and prices everywhere mounted to great 
heights. For the years 1795 to 1812 the chart shows what 
may be called a price plateau, with the index averaging 
above 160. In 1812, after suffering from British and 
French decrees aimed at our foreign commerce, and vari- 
ous depredations on our shipping, we were finally drawn 
into the war and were engaged in it for the better part 
of three years. The peak in the second decade of the 
Nineteenth Century represents the price index for 1813, 
1814 and 1815. The index for this whole period is based 
almost entirely on raw or slightly manufactured com- 
modities, and prices of raw materials normally fluctuate 
much more widely than those of finished products. Many 
of the materials, furthermore, were of foreign origin, 
though of rather general domestic consumption, and it is 
hardly necessary to discuss the effect which a naval war 
would have on the prices of these, especially a war with 
the country that furnished us the greater part of our 
imports. It is instructive to note the following statistics 
of the value of exports of the United States for each year 
from 1803 through 1816. The table gives the figures 
for exports of domestic origin, those of foreign origin, 
total exports, and the per cent. represented by exports of 
foreign origin. Even allowing for inaccuracies in the 
data, they present an interesting picture. The three 
things of especial significance are (a) the steady growth 
in the total through 1807, after which time the activities 
of the British and French fleets seriously crippled Ameri- 
can shipping activities; (b) the steady decline in the 
proportion of foreign exports to the total from 1807 on; 
and (c) the almost complete paralysis of the export trade 
in 1814, the year in which the peak of prices was reached. 
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VALUE OF Exports, BY ORIGINS 


(Millions of Dollars) 

DoMESsTIC FOREIGN PERCENTAGE OF 
YEAR ORIGIN ORIGIN Tota Foreign Exports 
1803 42.2 13.6 55.8" 24. 
1804 41.5 36.2 77.7 46.4 
1805 42.4 53.2 95.6 55.7 
1806 41.2 60.3 101.5 59.4 
1807 48.7 59.6 108.3 55.0 
1808 9.4 13.0 22.4 58.0 
1809 31.4 20.8 §2.2 39.8 
1810 42.4 24.4 66.8 36.5 
1811 45.3 16.0 61.3 26.1 
1812 30.0 8.5 38.5 22.1 
1813 25.0 2.8 27.8 10.1 
1814 16.8 1 6.9 1.4 
1815 46.0 6.6 52.6 12.5 
1816 64.8 17.1 81.9 20.9 


The disruption of foreign trade and of the shipping 
industry is further exemplified by the following table: 


SuHip TONNAGE EMPLOYED IN FOREIGN TRADE OF THE 
UNITED STATES 


(Thousands of Tons) 


PERCENTAGE 

YEAR AMERICAN ForEIGN ToTaL or ForEIGN 
1806 1044 91 1135 8.0 
1807 1060 86 1146 7.3 
1813 237 114 351 32.5 
1814 q 60 48 108 44.4 
1816 877 259 1136 22.8 


The distress of shipowners, reflected in the violent oppo- 
sition of New England to the War of 1812, was reflected 
also in scarcity of goods and in the famine prices of 1814. 
The price peak in that year is no more comparable with 
the price peaks of the Civil War and of the World War 
in its causes and its immediate aftermath than Commo- 
dore Perry’s flagship was with a modern battleship. 


Tue Next Hautr CENTURY 


What was the immediate aftermath of the high prices 
of 1813-1815? In the first place, in the fields of produc- 
tion and distribution very many things happened. In 
England the Industrial Revolution had made considerable 
strides while Britain was fighting Napoleon, and her 
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industrial equipment and productivity had seen a remark- 
able development. Britain was strides ahead of any 
other country in the application of machinery to manu- 
facture and, as soon as the Napoleonic Wars ended, 
began to flood the world with her manufactures, at the 
same time going onto a gold monetary standard. In 
1819 in this country there was a very severe commercial 
crisis brought on largely, perhaps, by the flood of cheap 
imports from England. By this time the steamboat was 
being developed; and in 1825 the Erie Canal was opened, 
the forerunner of a number of other important artificial 
inland waterways. The “West” of the day was being 
rapidly opened up as time went on, and food supplies 
greatly increased thereby, though for some time these 
food supplies went primarily, not tothe East or to Europe, 
but to the South, helping to feed slaves engaged in raising 
steadily increasing amounts of cheap cotton. Steamboats 
and canals greatly reduced the cost of transportation on 
bulky articles, such as foodstuffs, even before the rail- 
roads came in to reduce costs still lower. As time went 
on the factory system, especially in the Northeast, using 
both water power and steam power, became increasingly 
important and greatly cheapened the cost of domestic 
manufactures, which, however, paying relatively high 
wages, began increasingly to clamor for protection against 
the products of cheap European labor. The whole 
Western World was witnessing such an increase in the 
productivity of human labor, aided by capital, as it had 
never seen since recorded time began. 

Meanwhile, what was happening on the side of money 
and credit? In 1816 the second Bank of the United States 
was formed and throughout much of the twenty years of 
its history was, like the first Bank, subject to bitter 
criticism from many persons for restricting credits and 
currency issues, criticism which sounded not unlike some 
of that which has been heard in the present decade. 
Banking reforms in some of the more important states 
were bringing about a healthier currency situation, so 
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that New England no longer had the only bank notes 
which circulated at par with specie. But these regulations 
meant a certain amount of credit restriction in the more 
advanced states, which, with production and population 
increasing rapidly, tended to depress prices. Chart No. 2 
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Chart No. 2 
indicates what was happening in this period to the gold 
and silver production of the world. In the first decade 
of the Nineteenth Century the average annual production 
of the two precious metals amounted to about $49,000,000. 
In the second decade the figure was only $30,000,000. In 
the third decade it was $28,500,000. In the fourth 
decade it rose somewhat, to $38,000,000, but was still 
below the figure for the first decade. Not until the almost 
simultaneous discoveries of gold in California and Aus- 
tralia in the fifth decade of the century was there an 
appreciable increase in production of either of the precious 
metals. It does not require a belief in the quantity theory 
of money to come to the conclusion that it would have 
been surprising if the flood of commodities during the 
period from 1820 to 1850 had not greatly enhanced the 
value or purchasing power of gold and silver and of bank 
credit instruments—in other words, lowered the general 
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The rise in prices from 1848’on, interrupted by the very 
severe financial crisis of 1857, was contemporaneous with 
the outpouring of gold from the newly discovered deposits. 
The average annual world production of gold during the 
decade of the fifties was no less than $133,000,000 as 
against $36,000,000 in the previous decade and only 
$9,000,000 in the decade of the twenties. 


From 1865 Tro 1914 


Then came the Civil War and with it the effects 
common to all wars: disruption of productive processes, 
scarcity of goods and bidding up of prices, and in this 
particular war, the cutting off of the greater part of the 
world’s supply of its second most important textile, 
cotton. Gold prices fell only slightly from 1865 to 1873, 
and indeed fell the whole of the distance in the two years 
following the close of the Civil War. In the seventies the 
United States, the Latin countries of Europe, and Ger- 
many and Holland all abandoned the free and unlimited 
coinage of silver into standard monetary units and, while 
not doing away with the legal tender capacity of existing 
silver coins, put themselves on a qualified gold standard. 
From then on, gold had to do more work than it had 
done before as a monetary metal. Meanwhile, the rich 
gold deposits that had been discovered in the forties and 
fifties were yielding gradually smaller amounts of the 
metal, while the world’s population and productive 
capacity were increasing rapidly and costs of production 
and distribution in terms of human labor were rapidly 
declining. In this country the Far West was being opened 
up by railroads. The last spike was driven into the origi- 
nal Union Pacific Railroad in 1869 and the construction of 
other transcontinental lines followed. In 1865 there 
were 35,000 miles of railroad in the country, of which 
only about 9% were west of the Mississippi; 25 years 
later there were more than 167,000 miles of road, of 
which 44% were west of the Mississippi. Steamships 
were rapidly driving sailing vessels off the high seas. A 
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remarkable series of inventions and discoveries had given 
or was giving the United States, among other things, 
cheap machine-made shoes, the sewing machine, harvest- 
ing machinery, the Bessemer process, applied to ferrous 
and then to non-ferrous metallurgy, the telephone, elec- 
tric light and power, and was greatly increasing the 
efficiency of the machines that the late Eighteenth and 
early Nineteenth Centuries had produced, and of the 
whole technology of industry. Enormous deposits of iron 
ore, coal, copper and lead were being discovered and 
exploited. Whole industries were developed that were 
not in existence, cr were the merest infants, in 1870. In 
many raw material industries the problem of the country’s 
producers was the problem of an exportable surplus. 
The following figures bear on this: 


QUANTITIES EXPORTED 


(Annual Averages, in Millions) 
1871-1875 1896—-1900 


We Co nes ca seccsea canoes 45 108 
Cate BIN as 00 05h eke ccewsdusvds 29 174 
Pork Products ( prune... re eee 439 1461 
Cotton oa: Ay ee — a 
GE SI, 6 osu ween e cs biveae 

Mineral Bil INS i oy dak w a alia 191 888 
Ng ere eee 14 38 
DORERED CINE s os ve ccewiasscetens 241 291 


The same thing was happening in other undeveloped parts 
of the world, such as South America, and these raw 
material producing countries were throwing their surplus 
production on the world’s market in competition with 
one another. Meanwhile the production of gold was 
declining, and in this country the metallic basis for the 
credit structure was by no means increasing as fast as the 
country’s productivity, especially from 1880 on. Fur- 
thermore, as the country paid off its Civil War debt, the 
basis for the issuance of national bank notes, secured by 
U. S. Government bonds, declined, and the volume of 
bank notes declined with them. In spite of large silver 
purchases by the U. 8. Treasury, the total per capita 
money in circulation in the country was almost stationary 
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during the eighties, while production and trade were 
growing much faster than population. 

A sharp change in the trend of prices occurred in the 
middle nineties, and from then on until the World War 
the trend was gradually but steadily upward, interrupted 
only by depressions following financial crises. 

In the eighties and nineties two events happened which 
affected the world’s output of gold. These were the dis- 
covery of the cyanide process for treating gold ores and 
the beginnings of the exploitation of the great gold 
deposits in South Africa. Chart No. 2 indicates clearly 
the effect that these two events had on the gold produc- 
tion of the world. During the period after the middle 
nineties, as in the period following the Californian and 
Australian gold discoveries, the phenomenon of rising 
prices was general throughout the civilized world; at any 
rate in all the countries using the gold standard. During 
this period, as in the fifteen years before the Civil War, 
there was no cessation of the increase in productivity of 
the industrial nations; indeed, researches that have been 
made in the field of production statistics would seem to 
indicate that relative to population the increase in physi- 
cal production in this country was, if anything, at a 
greater rate after the middle nineties than before. There 
was steady improvement in the industrial processes and 
an increase in productivity not only per capita but per 
unit of human labor. 


THe WoriLpD WAR AND Its AFTERMATH 


Of the World War and its effect on prices, it is hardly 
necessary to speak. As Chart No. 1 shows, the peak of 
prices reached in 1920 was quite comparable with that 
reached in 1814 and with that reached by paper money 
prices at the time of the Civil War. It will be noted, 
however, that the peak was reached in the second year 
following the termination of the war, not during the war 
itself. From 1920 to 1921 there was a precipitate drop 
in prices which quite exceeded in its magnitude the drop 
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in any other one year on the chart. In 1922 and 1923 
there was a slight reaction upward, comparable in magni- 
tude with the rise of prices measured in gold in 1869 and 
1870. The points of difference between the three peaks 
are minor and of no particular significance, except in the 
fact already referred to several times, that the Civil War 
peak was primarily a peak of paper money prices. 
There is a vast difference, however, between what was 
happening in the years immediately preceding and fol- 
lowing the years of highest prices. Leaving aside for 
the moment the highly important factor of the establish- 
ment of the Federal Reserve System in 1914, it may be 
noted that in both of the earlier periods the United States 
was a debtor country, and even in Civil War times a 
relatively unimportant country industrially. In 1914 we 
were and today we are the wealthiest and most important 
industrial country in the world. We produce more of 
wheat, corn, cotton, tobacco, leather, coal, iron and steel 
and their products, copper, lead, zinc, oil, and various 
other basic, exportable raw materials, as well as of 
numerous manufactured products, than any other country 
in the world, and in many cases than all the rest of the 
world together. What our productive capacity meant 
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Chart No. 3 


[165] 











Bell Telephone Quarterly 





to the British and other Allied countries is reflected in the 
enormous influx of gold which, together with foreign 
securities purchased and our own repurchased from 
foreigners, came to our shores in payment of raw materials 
and manufactured goods sent to the belligerents through- 
out the conflict. This movement of gold has continued, 
with an interruption in 1919 and 1920, right up to the 
present, and as Chart No. 3 shows, there is more than 
twice as much gold per capita in the country at the present 
time as there was in 1914. At the opening of the war 
our monetary stock of gold was less than $1,900,000,000; 
today it is more than $4,400,000,000. The major part 
of this influx of gold has gone into the vaults of the 
Federal Reserve System, where it forms the basis of 
possible credit expansion many times in excess of any- 
thing at our disposal before the war. 


WHAT OF THE FUTURE? 


Any opinion that there will be a long or severe price 
decline in this country over the next ten, twenty or thirty 
years must be postulated, it would seem, on some com- 
bination of the following factors: 


1. A marked decline in the world’s gold output. 

2. Aredistribution of the world’s present gold supply 
with large exports from this country. 

3. An increased hand-to-hand use of gold so that, to 
the extent of such use, gold becomes decentralized and 
demobilized as a basis for credit in this country and 
elsewhere. 

4. Less effective use of credit, in spite of the fact 
that the Federal Reserve System was created to, and 
actually does, greatly increase the effectiveness of credit 
instruments and of gold as the basis for creation of 
credit. 

5. The maintenance of an annual rate of increase of 
physical production at least as large as that which 
obtained before the war. 
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6. Lower costs in terms of human labor, apart from 
wage rates, of production, transportation and dis- 
tribution. 

7. The discovery of new sources of supply of raw 
material or great and steady improvements in indus- 
trial technology and in production and merchandising 
methods. 

8. Inability over the next ten or twenty years, in 
spite of population increases, to make use of surplus 
industrial equipment and productive capacity now in 
existence as a result of war-time overbuilding. 

9. The flooding of our markets with European goods, 
produced at an even greater cost differential than 
obtained before the war. 

10. The abandonment of the policy of high protec- 
tive tariffs and the adoption of something at least 
closely akin to free trade. 

11. Repudiations of national debts by former Euro- 
pean belligerents, or else, contrariwise, a willingness to 
see prices decline and thus greatly increase the burden 
of taxpayers to the benefit of bondholders. 

The foregoing factors—some of which are partly or 
wholly mutually contradictory—seem to include the 
principal factors which after 1814 or after 1864 caused 
prices to decline and also some others that were not 
operative at the earlier periods, as well as a number 
which were operative during the rising prices of 1848-60 
and 1896-1914. Now, opposed to these are the following 
considerations, economic, political or historical: 


PRODUCTION AND CONSUMPTION FacTORS 


1. The average price level today would be even 
higher than it is if it were not kept down by the low 
prices of the products of extractive industries, including 
most foodstuffs, hides and leather, rubber, aluminum, 
copper, zinc, tin, a number of chemicals (including 
the fertilizer group), hemp and jute. Bituminous coal 
and oil are not far above the average, relative to 1913; 
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iron and iron ore and various iron and steel products 
are at about the average. If the average is to decline, 
it seems hardly probable that the decline will come 
through lower prices in these commodities, relative to 
the average price level, and it is a fair inference that 
most of these commodities will tend rather to rise in 
price, both absolutely and relatively to the average. 

2. The commodities which are well above the aver- 
age and which therefore could be expected to be most 
potent in causing a general price decline include, among 
others, cotton and cotton goods, wool and woolens, 
anthracite coal, lumber, most building materials other 
than lumber, housefurnishings (especially wooden fur- 
niture) and paper. The prospect does not seem very 
bright for lower prices for anthracite coal or any sorts 
of forest products; at least relative to the general price 
level. The same is true of wool and woolen products. 
Prospects are none too good for cheap cotton in the 
near future. 

3. There is a considerable amount of slack to be 
taken up in standards of living in Europe as compared 
with pre-war standards. This is especially true in the 
case of foodstuffs, and true in a large measure as regards 
clothing and shelter. The taking up of this slack, to 
say nothing of possible improvement in standards of 
living comparable with what has taken place in this 
country, may well be expected to absorb substantial 
amounts of the increased productive power and the 
resultant increased purchasing power which many 
persons expect Europe to attain. 

4. Wages tend to lag behind prices not only within 
a single business cycle but over longer periods of years. 
To postulate lower prices on the basis of lower wages 
is to put the cart before the horse. Labor did not lose 
what it gained after the Civil War in real wages, and 
on the whole bettered its position up to the middle 
nineties. Only after prices began to rise at the end 
of the Nineteenth Century did a check come to tne 
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improvement in real wages, since wages lagged going up 
as they had while prices were going down. If labor does 
not retain its gains of the last few years, it will be pre- 
sumably because industry will have ceased to increase 
its efficiency. If the latter is the case, money costs and 
prices are hardly likely to decline very much. 

5. This is so, particularly since it may well be ques- 
tioned whether there are any important new natural 
resources to be discovered and exploited in the near 
future, except perhaps in the case of petroleum. No 
important deposits of any of the important non- 
precious metals have been discovered within the last 
decade or more anywhere in the world. This does not 
mean that there are no more to discover, nor does it 
mean that there is not a chance for further economies 
in the exploitation of such resources as the world 
already possesses. It does mean, however, that over 
the next few years there seems little or no prospect for 
a reduction in prices through the competition of new 
sources of materials of this character. The problem 
of the exportable surplus, which was so important in 
the second half of the Nineteenth Century, has, with 
the outstanding exception of wheat, in recent years 
tended to become of steadily diminishing importance, 
and there is little reason to believe that exportable 
surpluses in the near future will play such a role as 
they played in affecting prices after the Civil War. 


Money AND CreEpIT Factors 


6. As for the monetary metal, gold, increasing 
amounts and increasing proportions of the world’s 
production of gold are coming in the form of a by- 
product of the exploitation of non-precious metal mines, 
such as copper, so that further increases in the con- 
sumption and output of these non-precious metals will 
help to keep up the annual gold supply, even if the 
output of gold mines themselves should tend to decline. 
Over the next ten years, however, prospects are not for 
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a serious decline in the world’s output of gold, especially 
with the metal production in South Africa at the highest 
rates since the peak years of seven or eight years ago. 
Furthermore, declining prices stimulate gold mining 
by reducing costs and thus affording a sort of check to 
declining outputs due to exhaustion, though, to be 
sure, a slow-working one. The gold reserves of the 
South African mines are apparently still far greater 
than those of the deposits whose output sagged off in 
the periods following the Napoleonic Wars and the 
Civil War, and all the improvements of the last quarter 
century in mining methods and in the metallurgy of 
gold and of other metals should prevent any such 
proportionate decline in gold output as took place fifty 
or one hundred years ago. 

7. So long as Europe requires more of the necessities 
of life in order to raise her standards of living, it would 
seem to be the height of wastefulness for her to take 
gold from this country, when she might better take 
from us or from other raw material countries foodstuffs, 
copper, cotton, telephone equipment and other com- 
modities that would make life more worth living. 
Europe has mobilized into her central banks an enor- 
mous quantity of gold. So have other countries 
besides the United States. The U. S. Treasury has 
estimated the central gold reserves of the world at the 
end of 1913 at about $3,390,000,000. Today they are 
estimated in excess of $8,000,000,000, in spite of the 
partial or total dissipation of the gold reserves of 
Russia, Austria, and Germany. All Europe, with 
minor exceptions, is on a paper money basis, and the 
gold in bank vaults or national treasuries is useless 
except as it is considered a pledge of a later successful 
return to the gold standard. When the return is made 
—and in general this apparently represents a rather 
far-off period—there will be in most countries plenty 
of gold available, and the others are just the ones 
which for a long time to come can least afford to waste 
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their energies collecting gold from this country or else- 
where. So far as the present outlook indicates, further, 
the United States could, at any time within the next 
decade at least, export $500,000,000 of gold without 
having to make any but the slightest impression on the 
credit structure of the country. 


CERTAIN INTERNATIONAL FACTORS 


8. What are the political aspects of the situation 
which bear on the question of the probability of lower 
prices? Many writers have called attention to the 
patent fact that the circumstances that the United 
States and all the important European countries are 
burdened with huge national debts means that any 
substantial decline in prices would mean a considerable 
increase in the burden imposed on taxpayers by the 
debts. Wholesale prices in the United States today, as 
indicated by the commodity price index of the U. 8. 
Bureau of Labor Statistics, are below where they were 
when the United States entered the war. The whole 
national debt of the United States, with the exception 
of the relatively insignificant pre-war debt (5% of the 
whole), was contracted when prices were well above 
present levels. Since the peak of the gross debt was 
reached in the summer of 1919, there has been a reduc- 
tion of about 4% billions. Of this amount, a reduction 
of 21% nillions has been achieved during the last 3% 
years, during ail of which time the commodity price 
level has been below levels obtaining while the war 
debt was being contracted. This is noteworthy, but 
it will be observed that widespread demands for tax 
reduction accompany the appearance of Treasury sur- 
pluses available for debt redemption beyond the sinking 
fund requirements, and these demands will be particu- 
larly strong in periods of falling prices. In Europe, 
where so many of the paper currencies are greatly 
depreciated, relative to gold, on top of the depreciation 
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of gold relative to its pre-war values, the opposition to 
falling prices either in terms of gold or in terms of 
national currencies is particularly strong in the coun- 
tries heavily burdened by war debts. In Europe, far 
more than in America, the interest of taxpayers as 
taxpayers is overwhelmingly in favor of stable or rising 
prices as against falling prices. And particularly do 
they want prices sustained in the United States. Even 
if every country in Europe were to do what Germany 
has done, namely, write off her internalwar debt, and thus 
at one stroke relieve taxpayers of this burden at the 
expense of the bondholders, Europe would still want 
stable or rising prices in the United States in order that 
this country might be a better market for European 
goods and a less effective competitor in other world 
markets, so that, among other things, European debts 
to us might be the more easily repaid. Whether or 
when European nations are to return to the gold 
standard, no one can say with certainty, nor can the 
basis of such return be predicted with any assurance. 
Meanwhile, Europe is quite content to let the United 
States be the custodian of more than half of the world’s 
supply of monetary gold and hopes that Federal 
Reserve Board policies will be directed to permitting 
such use of credit based on this gold as will sustain 
prices at least at present levels. 

9. The rediscount rate of the Federal Reserve Bank 
of New York has just been reduced to 344%, the lowest 
rate at which it has ever stood. Without entering into 
the controversy waged by economists in Europe and 
this country as to the effectiveness of central bank 
discount rates in controlling prices, one may at any 
rate venture the opinion that we have in the operations 
of and credit control exercised by the Federal Reserve 
System an element which in its potential importance 
in relation to future prices has no parallel in earlier 
times, especially since the United States now holds 
more than half of the world’s monetary stock of gold. 
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One may also safely venture the opinion that future 
Federal Reserve policies will not be governed by defla- 
tionist theories, by endeavors to depress prices. A 
314% rediscount rate, now in effect at the New York 
Federal Reserve Bank and a few others, tends to 
facilitate the extension of credit, not its contraction. 


CONCLUSION 


The foregoing is a sketchy and inadequate study of 
price movements and economic and industrial history 
over the last century and a quarter. Space has imposed 
rigid limitations on the discussion. It is hoped, however, 
that enough has been said to indicate clearly that the 
method of historical analogy has no validity in reasoning 
as to the future trend of general commodity prices in 
this country. What prices will do over the next ten, 
twenty or thirty years is the function of many factors 
and forces. The one thing of which one can be sure is 
that the number of these forces and their character are 
vastly different from those which operated fifty or one 
hundred years ago. 

From 1815 to 1850 falling prices were the accompani- 
ment and the result of an enormous world-wide increase 
in the production of commedities as new regions of the 
earth’s surface were opened up, and as the progress of the 
Industrial Revolution and the development of steam 
transportation made the manufacture and distribution of 
commodities cost progressively less in human labor; 
while the output of the precious metals was not holding 
its own, even absolutely, and much less relatively to the 
increase in the volume of industrial activity and trade. 
British capital poured into this country to develop its 
resources, and this was reflected, among other ways, in 
large imports of British manufactures, only partially paid 
for at first by exports of raw materials. In the thirty years 
following the close of the Civil War, the situation differed 
in degree rather than essentially in kind. The country 
was still in the process of development and settlement, 
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agriculture still furnished a livelihood for the greater part 
of our population, foreigners were lending relatively large 
sums of money year after year to American enterprise, 
Yankee ingenuity was putting domestic and foreign 
capital to work with new inventions and processes that 
were cheapening production, and the at times all too 
successful exploitation of our natural resources, whether 
agricultural or mineral, was creating enormous export 
surpluses of commodities that were meeting severe com- 
petition in world markets; and once more the monetary 
situation was conducive to lower rather than to higher 
prices. 

Today the picture is of the foremost industrial country 
of the world, lending abroad, not borrowing from abroad 
on balance, faced less and less with problems of export 
surpluses for raw materials, save for temporary gluts 
of individual commodities, such as petroleum or wheat, 
and no longer possessing a frontier to push farther back 
in order to discover and exploit new resources, and holding 
more than half of the world’s stock of monetary gold. 
An impoverished Europe needs our commodities far more 
than she needs our gold; an Orient with more than half 
of the world’s population offers potentially unlimited 
markets for our commodities. The Western World is 
burdened with national debts, whose repayment would 
be an increasing load in proportion as prices declined; 
and sentiment in favor of price deflation is almost nowhere 
to be found. 

F. E. RicuTer. 


Nore—Mr. Richter is of the staff of the Chief Statistician of the American 
Telephone and Telegraph Company.—Editor. 
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The Telephone Directory 


Based on paper read at Bell System General Commercial 
Conference held at Shawnee-on-Delaware, Pennsylvania, 
June 4-11, 1924. 


ELEPHONE directories of today for the most 
part contain two main sections: 


Alphabetical Section: 


This section is found in all telephone directories and 
contains a complete alphabetical list of all subscribers in 
the area served by the directory, making it possible for 
those knowing the name of a particular individual or 
firm with whom they desire to talk to locate the telephone 
number. The alphabetical section renders a definite 
telephone service. 


Classified Section: 


The majority of telephone directories contain some 
form of classified business list, and such lists are being 
introduced in the remaining books. The classified sec- 
tions contain lists of business subscribers arranged in 
separate alphabets under classified business headings, 
making it possible for those knowing the line of business 
of particular individuals or firms to locate their telephone 
number, or to determine all individuals or firms in a 
particular line of business. The classified section renders 
a definite business service as a buying guide. 


FEATURES OF THE ALPHABETICAL SECTION 

The alphabetical section or list of subscribers is essen- 
tial to the furnishing of telephone service. The principal 
features of this section, or what might be termed its 
quality requirements, are accuracy, legibility and dura- 
bility. 

Drrectory ACCURACY 

Accuracy in telephone directories is of prime impor- 
tance, not only in particular listings as to their correctness 
in every detail, but also in the list as a whole with respect 
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to proper inclusion or exclusion of listings. Listing 
changes in directories throughout the Bell System range 
from 15 to 50 per cent. per issue. The average listing 
change is 25 per cent. per issue, or 50 per cent. a year. 
The volume of this work can better be appreciated when 
it is realized that this represents the handling of approxi- 
mately 5,000,000 listing changes annually by the com- 
bined directory compilation forces of the System com- 
panies. 

Constant efforts are being made throughout the Sys- 
tem to raise the standard of directory accuracy to the 
highest level that is humanly possible, and there have 
been many recent developments with respect to methods 
which, by eliminating transcriptions, lessening the monot- 
ony of the work and relieving the fatigue of the compila- 
tion organization, Have greatly reduced errors in the 
published books. 

LEGIBILITY FROM THE STANDPOINT OF PAPER 


Another feature of the alphabetical sections which is 
of primary importance is legibility, and a fundamental 
requirement as to legibility is the proper kind, color and 
quality of paper used for the printed pages of the books. 

In the past, standard newsprint paper has been uni- 
versally used in the telephone directories. During the 
past year special attention has been paid to the develop- 
ment and provision of a better grade of paper. Through 
a series of joint conferences with the Western Electric 
Company and considerable laboratory test work covering 
paper and printing technique and costs, including coopera- 
tion with a number of paper mills, a paper of improved 
color and quality has been made available for use in 
directories issued during the year 1924. Further studies 
are under way, directed to the end of providing a still 
better grade of paper, designed particularly to meet tele- 
phone directory service requirements. 

Paper is a real factor in the cost of directory produc- 
tion. Approximately 30,000 tons of paper are being used 
annually by the System companies, from which it can 
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readily be seen that an increase of only one or two cents 
per pound in the price paid for paper has a very definite 
effect on directory costs. 


LEGIBILITY FROM THE STANDPOINT OF TyPE Faces 


Another factor in legibility is the style and size of 
type used, and the spacing between listings. In four- 
column books there are certain mechanical limitations as 
to the size of type which can be used, due largely to the 
bulk size of the directory. The System experience indi- 
cates that a 6-point type is as large as can be used in 
four-column books of present page dimensions, which are 
the most economical from the standpoint of present 
printing and binding equipment. In two and three 
column books, larger type is practical and advantageous 
within certain limits. During the past year and a half, 
studies have been made for the purpose of developing 
the most suitable type sizes and faces for telephone 
directory use. In these studies a series of several thousand 
tests was made in three different cities by 300 individual 
observers in order to develop relative finding time and 
accuracy. The present 6-point type was used in these 
tests, which covered different combinations of Roman 
and Gothic characters and variations in arrangement of 
listed items. These variations were designed for the 
purpose of developing the significant factors in typo- 
graphical arrangement which affect legibility or the find- 
ing of a desired listing. The results of these tests indicate 
that for four-column books the present arrangement and 
6-point type set solid, 7. e., twelve lines to the inch, is 
more satisfactory than any of the alternatives tested. 

With reference to spacing between listings, which is 
controlled by the body on which the type is cast, 6-point 
type on a 7-point body, 7. e., ten lines to the inch, gives 
the appearance of greater legibility, although the tests 
indicated no improvement in finding time or accuracy in 
the case of listings set on 7-point body. 
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The study of type size requirements for two and three 
column directories indicates that a type larger than 
7-point is not required. A review of 7-point faces avail- 
able for linotype composition showed there was none that 
would be satisfactory and it was necessary to design an 
entirely new type face. This involved a review of a 
large number of type studies both inside and outside of 
the Bell System. 


NEW TYPE FOR TWO-AND THREE-COLUMN DIRECTORIES 
Typical CHANGES IN LETTER CHARACTERISTICS 
Emsopieo in 7 Point Roman No.!2 ano Gotnic No.!! 


SHADED LETTERS NEW TYPE FACE OUTLINED LETTERS. ORIGINAL TYPE FACE 


cegijkms 





RAN 


GOTHIC 








ROMAN 


acegijkms 
we DO 3456 TEVE 


Fig. 1 
The type which came nearest to fulfilling all require- 
ments was an 8-point face. Impressions from this type 
were enlarged sufficiently to permit indicating on tracing 
paper laid over the enlargement any changes in letter 
design which seemed to be required. The objective was 
to open up the characters so as to provide as much white 


[178] 


A, I eS eS WA A. te 


aT 


The Telephone Directory 





space as possible in the interior of the letters. Several 
such treatments are indicated in Figure 1, the outlined 
letters representing the original type face, while the 
shaded letters indicate the new type face. The Mergen- 
thaler Linotype Company cooperated in the development 
of this type and have made dies from these drawings and 
are now supplying printers with matrices of the new type, 
which is being introduced in two and three column 
directories quite generally when a reset is necessary or 
warranted. 

This new 7-point type can be used set solid, 7. e., ten 
lines to the inch, or set on an 8-point body nine lines to 
the inch, although because of the more open characters 
there is no appreciable gain in legibility by setting on an 
8-point body. 


Directory Page Sizes and Column Widths 


In addition to being a factor in legibility and economy 
of production, paper also has a definite effect upon the 
bulk size of book. This has led to study of page sizes 
and column widths involving: 

1. The experience of Associated Companies. 

2. Standard mill sizes for sheet and roll paper. 

3. Average press equipment found in printing plants 

handling or available for handling directories. 

4. Development of column widths applicable to at 
least two overall page sizes with a minimum of 
resetting. 

Consideration of these items and related costs indi- 
cated the desirability and feasibility of two page sizes, 
which will cover practically the entire range of telephone 
directory requirements: 


(a) A small size trimmed 64%” x 914” designed for 
two-column directories, which is also suitable for 
small directories printed on card stock. 


(b) A larger size trimmed 914” x 11” designed for 
three and four column directories. 
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In the case of two and three column directories the 
width of column is the same, thereby eliminating the 
delay and expense of resetting due to changes in the 
make-up of directories from the standpoint of area 
covered and exchanges included. 

These developments in connection with page sizes, 
column widths and type faces now provide for the direc- 
tories two standard page sizes, two standard column 
widths, and two standard type faces, which have been 
developed mainly from the standpoint of legibility, and 
it is felt they will go far in the way of increasing the ease 
of reference to directories on the part of the telephone- 
using public. 

Listing arrangements, column widths and type faces 
are shown in Figures 2 and 3. 


LISTING SPF CIMENS 
ILLUSTRATING STANDARD TYPE FACES, 
ARRANGEMENT AND SPACING 


Four-CoLuMN DIRECTORIES 


Miller Elizabeth Miss treas 18W43.LON gacre-8592 
Miller Elizabeth N r 796 E 163...MEL rose-7147 
Miller Elliott R r 1160-5th ay..... LEN ox-2292 


Miller Ellis 280 Mad av........ MUR yHil-2396 

Miller Ellis r 55 Park av....... VAN drbit-0780 

Miller Elmer A MD r 963 Mad avy. RHI nindr-0073 

= — < ins , Nae ore ee ooan 

Miller Elsie 55 stopher..... - Dae : Y.): 
Miller Emanuel r 508 W 114. ... .CAT hedrl-7786 6 Point Set Solid 
Miller Emil r 107 E 130........ HAR lem-2495 (12 lines to the inch) 


Miller Emma J hairdrsr 203 W 144. AUD bon-6838 
Miller Emma Mrs r 619 Union av. MEL rose-5834 
Miller Erich F Jr r 1214 Whir av. UND rhil-0763 
Miller Ernest A r 1939 Daly av. FOR dham-7865 
Miller Ernest H Mrs 417 Park av. .PLA za-9184 


Miller Ethel r 133 Henry....... DRY Dock-6447 

Miller Ethel Miss 192 E 164... .JER ome-4151 
Miller Elizabeth Miss treas 18W43.LON gacre-8592 
Miller Elizabeth N r 796 E 163..MEL rose-7147 
Miller Elliott R r 1160-5Sth av..... LEN ox-2292 
Miller Ellis 280 Mad av........ MUR yHil-2396 
Miller Ellis ¢ 55 Park av....... VAN drbit-0780 
Miller Elmer A MD r 963 Mad av. RHI nindr-0073 
Miller Elmer C ins 217 Bway..... WHI tehl-6286 


6 Point on 7 Point Body Miller Elsie M 55 Christopher... .SPR ing-9381 
(10 lines to the inch) Miller Emanuel r 508 W 114... .CAT hedrl-7786 
Miller Emil r 107 E 130........ HAR lem-2495 


Miller Emma J hairdrsr 203 W 144. AUD bon-6838 
Miller Emma Mrs r 619 Union av. MEL rose-5834 
Miller Erich F Jr r 1214 Whir av. UND rhil-0703 
Miller Ernest A r 1939 Daly av. FOR dham-7865 
Miller Ernest H Mrs 417 Park av...PLA za-9184 


Fig. 2 
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Two AND THREE CoLUMN DIRECTORIES 


This Width of Column Permits of Inter- 
changeability in Make-up of Two and Three 
Column Books Without Necessity of Re- 
setting the Listings. 


Addis Sami L r 405 E 20th............ Chester-173-J 
Adelheim Wm T dntst P O BI Up Drby. . . Lnsdwn-1235 
Adelman J C r 511 Harrison......... Ridly Pk-302-M 
Adelman S H ri est Woolford bl........ Chester-1063 
Adelman S H r 80 W 8th.............. Chester-2166 
Adester Paper Co Glen Mills............... Gin Mis-8 
Adler Isaac H r 15 E Greenwood av..... Lnsdwn-515-J 7 Point Set Solid 
Adler Louis r 20 Burd Millbourne...... Lnsdwn-862-W 10 li to the inch 
Admiral Anchor Co Frnt & Penn........ Chester-2680 (10 lines to the inch) 
Advocate Office 517 Edgmont............. Chester-47 
Aeberhard F J r 23 N Lnsdwn.......... Lnsdwn-1984 
Agew W Hanson r 631 N Monroe........ Media-549-R 
Agnew Cyrus F r 34 Overhl Upp Darby . Lnsdwn-1609-J 
Agnew Dani S r 3204 W 13th........ Chester-1304-W 
Aharon Wm r 425 Rose............. Chester-2307-W 
Addis Sami L r 405 E 20th............ Chester-173-J 
Adelheim Wm T datst P O BI Up Drby. . Lnsdwn-1235 
Adelman J C r 511 Harrison......... Ridly Pk-302-M 
Adelman S H rl est Woolford bl......... Chester-1063 
Adelman S H r 80 W 8th.............. Chester-2166 
Adester Paper Co Glen Mills.............. Gin Mis-8 
7 Point on 8 Point Body Adler Isaac H r 15 E Greenwood av... .Lnsdwn-515-J 
(9 lines to the inch) Adler Louis r 20 Burd Millbourne...... Lnsdwn-862-W 
Admiral Anchor Co Frnt & Penn........ Chester-2680 
Advocate Office 517 Edgmont............. Chester-47 
Aeberhard F J r 23 N Lnsdwn.......... Lnsdwn-1984 
Agew W Hanson r 631 N Monroe........ Media-549-R 
Agnew Cyrus F r 34 Overhl Upp Darby. Lnsdwn-1609-J 
Agnew Dani S r 3204 W 13th........ Chester-1304-W 
Fig. 3 


Directory Durability 

The factor of durability is very important in telephone 
directories. Improvement in the quality of paper has 
increased durability. A study is under way for the pur- 
pose of developing an improved quality of cover stock. 
Much has been done in improving the binding of books 
and more attention is being given to the durability factor. 
Even extreme measures in this direction would not offset 
many of the difficulties experienced, especially at public 
stations where books receive very hard usage and fre- 
quently are torn or mutilated. Many times, uninten- 
tionally or thoughtlessly, listing pages are defaced with 
pencil markings or groups of listings are torn out, destroy- 
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ing the service value of the books. This condition has 
become so prevalent that in the larger cities it is necessary 
to frequently inspect and replace directories at public 
stations in an effort to keep usable directories before the 
public at all times. 


FEATURES OF THE CLASSIFIED SECTION 

The classified section is becoming of greater value as 
a buying guide both from the standpoint of the buyer and 
the seller, and efforts are under way to so develop this 
section that it will best meet the requirements of com- 
munities from the standpoint of their local business 
development and buying needs. 

The features of the alphabetical section which have 
been mentioned—accuracy, legibility and durability—are 
all equally important in the classified section. In addi- 
tion there are factors of arrangement, typography and 
general appearance of the advertising pages. 

There is a general movement under way to improve 
the arrangement of classified pages by the restoration 
of continuity of listings, thus definitely establishing the 
section as a catalogue of buying information. Careful 
attention is also being given to advertising typography, 
and copy treatment and the development of a definite 
advertising service. 

The general appearance and tone of directories is 
steadily improving. Not the least important feature of 
this improvement is the general elimination of front cover 
advertising and restriction of advertising in alphabetical 
pages, thus emphasizing the tendency toward developing 
the classified section as the real advertising portion of 
the directory. It is believed that the real value of the : 
telephone directory as an advertising medium from the 
standpoint of the advertiser is measured by its value to 
the user. 


OruerR ASPECTS OF THE DirREcTORY PROBLEM 


Features of the alphabetical and classified sections 
which have been discussed indicate some of the more 
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important recent developments in connection with Sys- 
tem telephone directories. There are many other features 
which are receiving careful study and consideration. 


ALPHABETING OF DtrecTory LISTINGS 


Alphabeting is one phase of directory work in which 
uniformity of practice is essential. Information operators 
have to find telephone numbers in directories from all 
parts of the country. Any other than a uniform method 
of alphabeting would have a serious reaction on operating 
directory service. Furthermore, the large traveling public 
uses telephone directories constantly in different cities 
throughout the country. There is no question that tele- 
phone directories present the largest and most complicated 
alphabeting problem, and a study has been made leading 
toward a revision of alphabeting rules to conform with 
best opinion with a view to establishing a uniform practice. 


DrrRecTorRY PRINTING 


The printing of the combined telephone directories for 
the Bell System undoubtedly constitutes the largest 
printing job in the country and is highly specialized. Not 
the least important feature of directory printing is the 
fact that without exception directories must be printed 
under pressure and the work so scheduled that certain 
specific dates may be met. This involves close contact 
with printing plants and constant study of printing 
processes and developments in order that the most eco- 
nomical and efficient methods may be employed. Each 
day that elapses between the closing of the directory to 
the public and delivery of the printed volume increases 
obsolescence in the listings contained in the book, thereby 
diminishing its value from the standpoint of telephone 
service and throwing additional loads on information 
operators. 

Directory DELIVERIES 

The work of delivering directories to the public is 

receiving constantly increasing attention and taking on 
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greater importance. Delay in delivery may offset all or 
a large portion of the gain in efficiency in the printing 
plant. Directory deliveries present a problem from the 
standpoint of the kind of record which may be used, 
methods of delivery, and force employed in making the 
actual delivery. Because the delivery period must be 
kept at a minimum—some of the largest metropolitan 
books being delivered within a period of 12 working days 
—and the delivery must be accomplished by temporary 
employees organized especially for this work, an efficient 
delivery is not only a complicated but a very difficult 
problem. 
Directory ADVERTISING 


Directory advertising, which has been mentioned in a 
general way in connection with the features of the classi- 
fied section, involves many important problems. The 
potential advertising market must be determined and 
studied; the development of this market by means of 
proper sales organization and campaigns must be care- 
fully considered; types of advertising applicable to the 
different portions of the book must be given considera- 
tion; and the type of advertisers who can profit most by 
the use of certain spaces or preferred spaces must be 
carefully analyzed. Local conditions must be studied 
with respect to advertising and the business needs of the 
community which the directory as an advertising medium 
can best serve. Advertising rates must be developed 
from the standpoint of the community, the value of the 
directory as an advertising medium, and its service to the 
community from the standpoint of both the buyer and 
seller. All of these phases of directory advertising are 
directly controlled by the business service which the classi- 
fied section of the directory can render to the community 
and to the country as a whole. 


THe Economic OBLIGATIONS OF THE DIRECTORY 
Telephone directories are now an established adver- 
tising medium and the business world generally is indi- 
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cating more and more definitely that the directory in- 
cludes valuable data which can and should be made avail- 
able to the public generally. The furnishing of a more 
complete general and business directional service and the 
provision of means for meeting the demands of business, 
which today accepts the telephone directory as an essential 
medium, is one of the big problems now confronting the 
directory organizations of the System. 


Tue Drrectory’s TworoLtp Future PROBLEM 


A review of the general features of telephone directories 
indicates that from the standpoint of telephone service 
the alphabetical section is absolutely essential. It must 
be designed to meet the telephone habits and requirements 
of the public and developed in conjunction with other 
commercial service activities. 

The classified section constitutes an advertising busi- 
ness of considerable magnitude and must be carefully 
planned to meet the business needs of individual com- 
munities and of the country as a whole. 

This means the development of definite fundamental 
plans for telephone directory service, formulated from the 
standpoint of coordinating with other telephone service 
developments the directional service required in the entire 
range of social activities and business operations. 


O. C. Lyon. 


Nots—Mr. Lyon is of the staff of the Commercial Engineer of the American. 


Telephone and Telegraph Company.—Editor, 
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The Transmission of Pictures Over 


Telephone Wires 


ORLDWIDE interest has been created by the 

\ \) demonstration on May 19 of the transmission of 

photographs over telephone wires between Cleve- 

land and New York, a distance of 522 miles. The pictures 

were reproduced in the New York newspapers of May 20 

and the achievement was hailed as “a great scientific 
triumph” and “another of the world’s wonders.” 

True, this was not the first attempt to send pictures 
by wire, for it is a subject that has interested scientists 
and engineers for a great many years, and naturally vari- 
ous experiments had been made. It was, however, the 
first time that there had been a public demonstration of 
a method which provided a rapid, simple and accurate 
means of transmitting pictures by wire, a method which 
would satisfy practical requirements and be of commercial 
value. 

The demonstrations of May 19 were followed with 
further operations at the time of the Republican and 
Democratic National Conventions. Pictures were sent 
daily and reproduced in the city press. The speed and 
efficiency of the process is illustrated by the following 
record of the making of a single convention picture: At 
12:20 o’clock, New York City time, June 10, a flashlight 
was taken of the convention hall in Cleveland with the 
assembled delegates; at 12:47 o’clock the photographic 
negative was delivered to the company for transmission; 
at 1:35 o’clock it was put on the wire; at 1:40 o’clock, 
received in New York, and at 2:56 o’clock a large supply 
of negatives was ready for distribution to the newspapers 
—about two and one-half hours from the flashlight in 
the convention hall at Cleveland to the finished product 
in the newspaper offices of the metropolis. 

As early as 1847 an attempt was made at picture 
transmission. Two synchronously revolving metal cylin- 
ders were used—one at each end of a telegraph line— 
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over each of which a metal style traced a spiral path 
similar to that on a cylindrical phonograph record. A 
sheet of tinfoil was placed upon one cylinder, with the 
sketch drawn in ink made with shellac and on the receiving 
drum was placed a sheet of paper treated chemically so 
that on passing an electric current through it, a chemical 
mark or stain was made. The method was a crude one, 
but it did serve as a basis for further experiments. 

Since that time many different methods have been 
devised by different people. In most of these, syn- 
chronism was required between the sending and the 
receiving ends. In the systems which required synchro- 
nism, revolving cylinders, vibrating mirrors or revolving 
prisms were used. Among other means attempted was 
the code system, the picture being translated into a code 
which was telegraphed as a message and thus supplied 
the information necessary to reconstruct the picture. In 
nearly all of these methods, the principles were essentially 
the same in that the pictures were divided into unit areas 
and current impulses corresponding to the shade condi- 
tions of these areas sent over the circuit. 

For many years the Research Laboratories of the 
American Telephone and Telegraph Company and the 
Western Electric Company have been engaged in the 
solution of problems which directly or indirectly made 
picture transmission possible. When the solution of the 
picture problem was sought, there were available the whole 
vacuum tube art, electrical filters, accurate synchronizing 
methods, light valves and photo-electric cells, all important 
elements enabling the engineers to go ahead and develop 
from these a complete working system. They got to work 
and did it. 

Some time ago both the photographic and the code 
processes, the latter using automatic mechanisms with a 
printing telegraph machine, were privately demonstrated 
by our engineers. The results were most encouraging 
and justified further experiments, the pictures being 
superior to anything of the sort ever before attempted. 
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Some 60 pictures in all were transmitted, and, upon the 
basis of the results obtained, further developments and 
improvements were at once undertaken. 

The basis of the code system using the printer tele- 
graph for sending pictures is briefly to divide the picture 
up into regularly arranged unit areas. Different letters 
or special type are used to reproduce the various degrees 
of light and shade of the picture in each unit area. A 
unit area which appears white in the original picture 
would be left blank in the reproduction. A very light 
shade of gray would be produced by a period, the next 
darker gray by a single letter, such as “1,” and so on 
through darker shades until the blackest areas might be 
reproduced by the printing of a capital letter such as 
capital ‘‘M”’ or by a special type, this being done auto- 
matically from the original to the “printed” picture. 

The credit for the actual work of development of this 
new process of sending pictures over telephone wires 
belongs to many engineers. It is the result of the con- 
certed efforts of specialists in the system of communica- 
tions, demonstrating once again the advantages to be 
gained from a large research organization cooperating 
in the solution of technical problems. It is an example 
of the cumulative results of past discoveries and researches. 
The problem was divided between different members of 
the research staff. Each had his particular task and, 
having at their disposal the best facilities, the outcome 
was inevitable. 

The method which has been devised for the successful 
transmission of pictures over telephone wires is simplicity 
itself. As at present adjusted, the apparatus will transmit 
a picture 5 inches by 7 inches in a little less than five 
minutes. A positive transparency film is suitable for 
transmission. The picture is received in such form that 
after the usual photographic development it is ready for 
newspaper or other reproduction. Line drawings, hand- 
writing and printing, if not too small, can also be trans- 
mitted. Films, while still wet, can be used for transmis- 
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sion so that the system eliminates the delay which would 
otherwise be caused by drying. 

The film upon which a picture has been transferred is 
inserted in the transmitter simply by rolling it up in a 
cylindrical form. During operation a very small and 
intense beam of light shines through the film onto a 
photo-electric cell within. The film is rotated at a uniform 
speed and by means of a screw mechanism is caused to 
advance parallel to the axis of the cylinder. The motion 
of the light relative to the cylinder is, therefore, the same 
as that of a phonograph needle relative to a cylindrical 
record. In this way, each minute portion of the picture 
in turn affects the intensity of the light reaching the 
photo-electric cell. This variation in the amount of light 
striking the sensitive surface of the cell gives rise to a 
current which, through the agency of a vacuum tube 
amplifier and modulator, controls the current dowing 
over the telephone line. 

At the receiving end an unexposed photographic film 
is rotated under a beam of light in a manner similar to 
that at the transmitting end. The two films are caused 
to rotate at exactly the same speed and the impulses 
starting from the photo-electric cell at the sending end 
control, by means of a new device known as a light valve, 
the amount of light reaching the film at the receiving end. 

This light valve is very important in the successful 
reception of pictures transmitted over telephone wires, 
since it takes the fluctuating currents off the line and 
transforms them into corresponding variations of light. 
The amount of light that passes through the revolving 
film at the sending end is, of course, constantly increasing 
or lessening, according to the black and white that make 
up the picture. Where the film is dark, the light is re- 
duced and so also is the current, but where the film is 
transparent, the light passes through with little loss and 
causes a correspondingly strong current from the photo- 
electric cell. The fluctuating currents, when introduced 
into the receiving apparatus, register themselves finally 
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in the width of the lines on the photograph reproduced. 

It is this combination of thin and thick lines that 
make up the picture. With each revolution of the film 
at the sending end, the beam of light photographs 
a line which varies in thickness. In a picture of a size 
of 5 inches by 7 inches, there is a total of 455 such 
lines arranged in a spiral like the threads of a screw when 
the film is rolled up in cylindrical form. When the film 
is unrolled and flattened the traces of the spot of light 
form lines parallel to one another. It requires about 4% 
minutes to complete the reproduction of the picture. 

With great fidelity the delicate values of the photo- 
graph are reproduced, the details being brought out 
clearly. Faces are reproduced with remarkable dis- 
tinctness. In the picture of President Coolidge, which 
was the first to be sent over the wire from Cleveland on 
May 19, the lines in the President’s black coat gradually 
become thinner and thinner until they change from the 
coat to the white collar. Thin and broad lines combine 
to bring out the fine lines in the President’s face, while 
in a picture of Mrs. Coolidge the dots in the veil were 
clearly discernible. For ordinary newspaper reproduc- 
tion, 65 lines to an inch is considered ample, but for fine 
work the number of lines can be increased. 

The experiments have been tried out not only on land 
lines, but also over a radio system. In radio operation 
the great difficulty is to get the right atmospheric con- 
ditions so that steadiness of transmission and freedom 
from interference can be assured. It is necessary that 
the air be free from electrical disturbances and the best 
hours for this type of transmission would be the small 
hours of the early morning. 

The importance of the new invention was at once 
recognized. Within 48 hours cable requests for informa- 
tion and details came from the leading countries of 
Europe and South America. In the United States the 
newspapers were enthusiastic in their praise. Practically 
all the larger papers of the country reproduced the pic- 
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tures that were sent in the initial tests, with a detailed 
description of the apparatus and extended comment. 
From Maine to California the reaction proved most 
favorable, it being recognized that a truly great engineer- 
ing achievement had been accomplished and that this 
new development in the field of communication meant 
opening the door to the general transmission of pictures 
by wire. 

Editorially, the new system was given considerable 
space and attention. A leading New England paper 
stated that the demonstration of the telephone trans- 
mission of photographs might become as historical as the 
first telegraph message, ‘‘What hath God wrought,” 
which was sent from Washington to Baltimore on May 25, 
1844, almost exactly 80 years ago. One of the most 
important New York papers refers to the event as follows: 


“In today’s Times will be found reproductions 
of photographs telegraphed from Cleveland yester- 
day afternoon. Both in method and result this 
achievement surpasses any previous effort of the 
kind. A description of the process is printed in our 
news columns. Of the quality of the pictures our 
readers may judge for themselves. It is needless to 
dwell upon the possibilities of this new system, 
capable as it evidently is of wide extension. Such 
an outcome of the patient labors of skilled experi- 
menters is one more reminder of the wonders that 
already have been and remain to be wrought by the 
manifold applications of electricity.” 

Another New York paper refers to the new invention as 
‘‘a, triumph for the scientists and of vast interest to the 
public.” The latter is reminded that years of experi- 
mentation have been expended in this effort ‘‘to make 
feasible the reproduction of portraits, scenes, incidents 
and the pictorial delineation of any subject desired at 
long range and with entire accuracy.” 

A picture which was snapped on the street in Cleve- 
land at 3:38, New York time, was developed by 3:58 and 
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placed on the drum of the Cleveland transmitting machine. 
At 4:01 the drum began to revolve and at 4:06 the 
exposed film was off the drum in New York; at 4:11 it 
was completely developed, 33 minutes having elapsed 
between the click of the camera shutter in Cleveland and 
the viewing of the picture in New York. A few minutes 
later a voice from the receiver of a long distance telephone 
asked the attendant in Cleveland, ‘“Who is the man in 
the light suit?” 

Referring to this remarkable test, the New York Sun 
comments: 


‘“‘New York not only talks with Cleveland; New 
York sees what Cleveland sees. Not the words a 
telegraph operator has taken down, but the light 
and shadow on human faces, the drift of ships on a 
river, the silhouette of a monument in a public 
square. These cities have never been linked so 
closely together before. Yet pictures by telephone 
simply round out an immediacy of contact that 
began long ago. First, dots and dashes; then the 
human voice; then trains and airplanes rushing back 
and forth with their cargoes of goods, books, news- 
papers. This has been the process by which a very 
large country has become in one sense very small.” 

A prominent Pennsylvania paper gives credit to the 
large research departments of the telephone and tele- 
graph and electrical companies for the fact that the world 
is so full of new things today. To these departments, the 
editor states, is delegated the duty of working out to 
practical ends the new ideas as to the needs of the time, 
with the result that what is regarded as possible is con- 
stantly being sought—and found. 

Writing for the Hearst chain of newspapers, Arthur 
Brisbane says that sending photographs by wire will 
mean more to the education of this earth than we can 
realize now. The Lowell (Mass.) Sun terms the inven- 
tion ‘‘a great scientific triumph and probably the initial 
step of developments even much greater along the same 
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lines.” The Manitowoc (Wis.) Times refers to an epoch 
in electrical accomplishments and a new era in newspaper 
work. The Denver Rocky Mountain News terms the 
invention a new Aladdin Lamp, while the Hartford 
(Conn.) Times says that what has been accomplished 
“is quite as astonishing to the lay mind at least as any 
of the modern achievements of science.” 

“Space and time,” says the Boston Post, “are fast 
losing their ancient supremacy in determining the limits 
of our human senses.”’ The Cleveland Plain Dealer says, 
“Electric transmission of photographs from Cleveland to 
New York in 4% minutes is an achievement of science 
comparable with the discoveries of Morse, Bell and 
Marconi.” The Wichita (Kans.) Beacon sums up the 
invention in five words—the magic of hard work—while 
the Winchester (Va.) Star takes occasion to point out 
how much better the poorest man of today lives than did 
the richest man of a few centuries ago, so far as con- 
veniences are concerned. 

All writers agree that the new system has great possi- 
bilities and gives promise of amazing usefulness. The 
Editor and Publisher, devoted to the publishing and adver- 
tising field in this country, foresees the day when the 
newspapers will receive pictures by wire as casually and 
as efficiently as they now receive news. Many writers 
are of the opinion that a picture-receiving apparatus will 
be an indispensable adjunct to every up-to-date newspaper 
office. Certain it is that pictures are the ideal medium for 
the dissemination of many kinds of news. Pictures have 
never been used as extensively as their value might 
justify, and the reason has been the inability of the 
illustrations to travel at the rate of the telephone or the 
telegraph. The successful transmission of pictures by 
wire will, however, in the opinion of most writers, revolu- 
tionize news pictorial art, so that newspapers in every 
large city doubtless will reproduce, a few hours after their 
occurrence, pictures of events taking place in all sections 
of the country. 
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Already the prominent part the new system is destined 
to play in the activities of the police has been demon- 
strated. At the time of the Democratic National Con- 
vention in New York, when not only photographs, but 
also music, cartoons, sketches by newspaper artists and 
specimens of handwriting were successfully transmitted 
over the wires to Chicago, an opportunity was provided 
to test the apparatus for police purposes. A fingerprint 
selected by Deputy Police Commissioner Faurot, with 
technical descriptions of the other nine fingers, was wired 
without name to Chicago, where, within two minutes 
after being developed and received at police headquarters, 
it was identified as that of a well-known pickpocket. The 
New York police confirmed the identification. 

Thus the new system offers a real service for the 
public’s safety and protection. Under present conditions, 
identification of a criminal is possible only through infor- 
mation sent from out of town that often takes days, during 
which the alleged criminals make their escape before the 
necessary details are received. When the new system is 
commercially perfected it will then be possible to send 
photographs and fingerprints to all the nearby cities in 
less than an hour after a criminal makes his escape. Or 
the police of a distant city can be furnished with the neces- 
sary data concerning criminals or suspects who are 
believed to be making their escape by train, by boat or 
by automobile. “This invention,” says Police Commis- 
missioner Enright of New York, ‘‘will give the police a 
tremendous advantage over the criminal.” 

Nor is this all. Some writers declare that business 
enterprises will avail themselves of the invention and find 
it beneficial. Sales will be stimulated because pictures 
of machinery or other goods, and of various ways in 
which they can be used, may then be wired when the 
occasion seems to make this advisable. Court proceedings 
may sometimes be expedited, these writers state, by 
obtaining, without delay, exact reproductions of deeds, 
mortgages, depositions, requisitions and other legal docu- 
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ments, while banks will be able to verify signatures on 
checks, sent from far away. 

These visions of the future are most intriguing, but 
the fact must not be lost sight of that what is available 
at present is a laboratory apparatus that has successfully 
demonstrated it possesses the power to transmit pictures 
rapidly over long distances with a satisfactory quality 
of reproduction. However, enough has been accomplished 
to warrant the expectation that the service will, in the 
near future, be developed along commercial lines. Before 
this can be done, though, economy in operation and use 
must be secured so that the system may be operated at 
a reasonable cost to those who may desire to send pic- 
tures by this method. 

The successful transmission of pictures by wire, 
following years of study and research work, has at last 
become a reality. The art of communications has taken 
another step forward. 

Joun B. O’BRIEN. 


Notre—Mr. O’Brien is of the staff of the Information Department of the 
American Telephore and Telegraph Company.—Editor. 
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Abstracts of Recent Technical Papers from 
Bell System Sources 


Humidity Recorders,’ by E. B. Wheeler. Because of 
the important effects which atmospheric conditions cause 
in the operation of certain telephone apparatus, means 
have been developed for automatically recording humid- 
ity. The apparatus consists essentially of two resistance 
thermometers (wet and dry bulb) placed in a wind tunnel! 
through which air is drawn continuously by a small 
suction fan, the thermometers being connected as arms 
of a bridge to one of the standard types of recording gal- 
vanometer. The apparatus is so designed that the tem- 
perature and relative humidity may be read directly 
from the continuous record. 

An interesting observation has been made that large 
differences often exist between the indoor and outdoor 
conditions and that the indoor conditions are likely to 
be much less severe than might be expected when the 
outdoor humidity is high. 

A Dynamical Study of the Vowel Sounds,’ by I. B. 
Crandall and C. F. Sacia. This paper gives the results 
of an analysis of spoken vowel sounds based on an exten- 
sive set of oscillograph records. Eight records of each 
sound were taken, four by male and four by female 
speakers. The recording mechanism was so arranged 
that the whole of the sound from beginning to end was 
recorded as one continuous graph. The average duration 
of the sounds was about 0.30 seconds. The records were 
analyzed by repeated rotation in an optical system 
including a photoelectric cell in such fashion that the 
output of this cell was an electrical copy of a record and 
could be analyzed by a series of tuned circuits. 

A chart giving the analysis of thirteen different vowel 
sounds shows that each sound is characterized by either 


a single or a double region of resonance. The authors 


1 Bell System Technical Journal, Vol. III, page 238, 1924. 
2 Bell System Technical Journal, Vol. III, page 232, 1924. 
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state, “It is important to consider not only the location 
of the resonant ranges but also their extent and their 
separation from other resonant ranges. In order to arrive 
at the essential characteristics of the vowel sound, the 
individual vowel characteristic depends not only on the 
absolute pitch but on the relative pitches in case there is 
more than one region of resonance.” 


Design Characteristics of Electromagnets,’ by D. D. 
Miller. This article deals particularly with electro- 
magnets of the types used in telephone relays. In addi- 
tion to an extended discussion, curves are given showing: 

(a) Percentage of useful flux versus length of air gap 

in terms of core diameter for single spool relays 
and for double spool relays. 

(b) Curves of core section and pole face flux density 

versus attractive force. 

(c) Relation between coil depth in terms of core 

diameter and the effective ampere turns. 

(d) Relation between copper volume and percentage 

loss in effective ampere turns. 

(e) Total annual charges and volume of winding 

space versus capital cost. 

The temperature characteristics of windings are also 
discussed. 


The Nature of Language,’ by R. L. Jones. In introduc- 
tion, the history of human language is outlined and the 
manner of speech production is briefly described with 
special reference to English. Following this is a summary 
treatment of available data on the subject of speech and 
hearing. Much of this is the result of investigations 
carried out during the past few years in the Research 
Laboratories of the American Telephone and Telegraph 
Company and the Western Electric Company of New 
York. 

Human speech employs frequencies from a little below 
100 cycles per second to above 6000 cycles, a range of 


® Bell System Technical Journal, Vol. III, page 206, 1924. 
* Journal A. I. E. E., Vol. 43, p. 321, April, 1924. 
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about six octaves. The ear can perceive sound waves 
ranging in pressure amplitude from less than 0.001 of a 
dyne to over 1000 dynes and in frequency of vibration 
from about 20 cycles per second to about 20,000, a range 
of about ten octaves. 

The intensities and frequencies used most in conver- 
sation are those located in the central part of the area of 
audition. The energy of speech is largely carried by 
frequencies below 1000, but the characteristics which 
make it intelligible are largely carried by frequencies 
above 1000. Under quiet conditions good understanding 
is possible with undistorted speech having an intensity 
anywhere from one hundred times greater to a million 
times less than that at exit from the mouth. On the whole 
the sounds th, f, s, and v are hardest to hear correctly 
and they account for over half the mistakes made in 
interpretation. Failure to perceive them correctly is 
due principally to their very weak energy, although it is 
also to be noted that they have important components of 
very high freruency. 

The Variation with Temperature of the Photoelectric 
Effect in Potassium,’ by Herbert E. Ives. Variation of 
Photoelectric Current with Temperature. The photoelectric 
current from pure potassium, in highly exhausted cells, 
is found, contrary to previous belief, to vary with the 
temperature, and in the sense of the temperature change. 
The temperature range investigated was from room tem- 
perature to the temperature of liquid air; the variation 
of the photoelectric current with temperature is negligible 
above 0° C but becomes greater the lower the tempera- 
ture. The change in photoelectric current is greater the 
lower the frequency of the exciting radiation, and occurs 
in both the normal and selective photoelectric effects. 

Variation of Surface Work Function with Temperature. 
The variation of photoelectric current with temperature 
is shown to be in harmony with the supposition that the 


5 Journal of the Optical Society of America and Review of Scientific Instru- 
ments, Vol. 8, p. 551, April, 1924. 
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work function of the surface is altered. Such an altera- 
tion of the work function is shown experimentally by the 
occurrence of a bodily shift along the voltage axis of the 
voltage-current curve of a photo-sensitive cathode when 
the potassium, which is changed in temperature, is the 
anode. It is further checked by the change in the long 
wave-limit of photoelectric emission of the surface whose 
temperature is varied. On cooling potassium from 20° 
to —100° C its work function is increased by about 
one-fifth volt. 

The Physical Criterion for Determining the Pitch of a 
Musical Tone,’ by Harvey Fletcher. This paper describes 
experiments in which a high quality telephone system 
was used to reproduce musical sounds from the voice, the 
piano, the violin, the clarinet and the organ without any 
appreciable distortion. Into this telephone system elec- 
trical filters were introduced which made it possible to 
eliminate any desired frequency range. Results with 
this system show that only the quality and not the pitch 
of such musical sounds changes when a group of either 
the low or high frequency components is eliminated. 
Even when the fundamental and first seven overtones 
were eliminated from the vowel ah sung at an ordinary 
pitch for a baritone, the pitch remained the same. These 
results were checked by a study of synthesized musical 
tones produced by ten vacuum tube oscillators, with 
frequencies from 100 to 1000 at intervals of 100. It was 
found that three consecutive component frequencies were 
sufficient to give a clear musical tone of definite pitch 
corresponding to 100, and that in general when the adja- 
cent components had a constant difference which was a 
common factor to all components a single musical tone 
of pitch equal to this common difference was obtained, 
but not otherwise. Recent work on hearing has shown 
that the transmission mechanism between the air and 
the inner ear has a non-linear response which accounts 
for the so-called subjective tones. When the compo- 

® Physical Review, Vol. 23, No. 3, March, 1924. 
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nents of low frequency are eliminated from the externally 
impressed musical tone, they are again introduced as 
subjective tones before the sound reaches the nerve ter- 
minals. Calculation of the magnitude of these subjective 
tones from the non-linear constants of the ear shows that 
the results on pitch are what might be expected. 

Sound spectra of ten typical musical sounds, obtained 
with an electrical automatic harmonic analyzer, described 
by Wegel and Moore, are given for ah sung at pitch d, 
a sung at a, piano ¢;, piano c’, violin g’, clarinet c, organ 
pipe c, for three pressures, and organ pipe c’. 

Carrier Telephony on Power Lines,’ by N. H. Slaughter 
and W. V. Wolfe of the Western Electric Company. The 
fundamental requirements of a telephone circuit are out- 
lined briefly and translated into the terms of the power 
line carrier telephone problem. Considerable data on 
transmission line characteristics at carrier frequencies are 
presented, which clearly show the magnitude of the 
transmission problem and the best frequency values to 
employ. The advantages of using the ‘‘metallic circuit’’ 
arrangement rather than the commonly employed “‘ground 
return” arrangement are emphasized. 

One of the chief problems in carrier telephony on 
power lines is to provide an efficient means of connecting 
the carrier equipment to the power line, and the various 
possibilities and preferred methods are discussed at some 
length. 

The nature of the circuits and equipment employed 
are then described, together with an indication of their 
range of usefulness in power line telephone communication. 

High Frequency Amplifiers,s by H. T. Friis and A. G. 
Jensen. In this paper the fundamental principles are set 
forth, which govern the proper design of radio frequency 
amplifiers. The manner in which the vacuum tube func- 
tions as an amplifier depends, among other things, on the 
characteristics of the circuit connected to it or the kind 


T Journal, A. I. E. E., Vol. 43, p. 377, April, 1924. 
® Bell System Technical Journal, Vol. 3, p. 181, 1924. 
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of coupling used between various stages. The different 
types of impedance which may be used for coupling are 
discussed, as are also their resulting frequency-amplifica- 
tion characteristics. In general, if the impedance is such 
as to bring about considerable step-up in voltage, a very 
large amplification may be obtained over a narrow range 
of frequencies, but if an amplifier is desired which will 
be useful over a wide range of frequencies, a lower step- 
up ratio must be used and a lower overall amplification 
tolerated. When several stages of amplification are used 
simultaneously, the internal capacities of the tubes may 
function in such a way as to cause the system as a whole 
to oscillate. This imposes a definite limitation on the 
amount of amplification obtained. Methods are described 
whereby this capacity effect may be neutralized, thereby 
making it possible to obtain very high amplification. 

Photomicrographic Evidence of the Crystal Structure of 
Pure Cerium,’ by Earle E. Schumacher and Francis F. 
Lucas. Cerium of a high degree of purity was produced 
and a microscopic study made of its crystal structure 
which indicated that the metal crystallized in the regular 
system cubic form. 

Ferromagnetism and Its Dependence Upon Chemical, 
Thermal and Mechanical Conditions,” by L. W. McKeehan. 
This review considers first the general properties of ferro- 
magnetic bodies and the particular forms of magnetiza- 
tion curves and hysteresis loops exhibited by iron, 
cobalt, nickel and their alloys with each other and with 
other elements. The Heusler alloys are also described. 
The effects of temperature upon magnetization are then 
discussed in detail for the case of iron and the behavior 
of alloys is compared with this as a standard, both reversi- 
ble and irreversible changes being discussed in some 
cases. The transient effects of mechanical strains within 
the elastic limit and the permanent effects of overstrain 
of the kinds usually met with in practice are considered. 


* J. Am. Chem. Soc., Vol. XLVI, No. 5, May, 1924. 
1° Journal of Franklin Institute, Vol. 196, pp. 583-601; 757-786; 1924. 
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The review concludes with speculations in regard to the 
electronic groups in the atomic structure which are 
responsible for the occurrence of ferromagnetic properties. 
One hundred and forty references to recent periodical 
literature are intended to give starting points for more 
detailed study of any of the subjects discussed. 

The Relation Between the Total Thermal Emissive Power 
of a Metal and Its Electrical Resistivity,” by C. Davisson 
and J. R. Weeks. It is a well-known fact that bright 
surfaces radiate heat less copiously than dull ones. Silver, 
for example, radiates much less heat per unit area in a 
given time and at a given temperature than carbon. Also 
there is a correlation between the brightness (reflecting 
power) of metals and their electrical conductivities. The 
brighter metals are the better conductors. In fact, it is 
supposed that they owe their greater brightness to their 
greater conductivity. It follows, then, that a good con- 
ductor should radiate less heat at a given temperature 
than a poor one. This is not merely a qualitative relation 
but one capable of exact calculation on the electro- 
magnetic theory of radiation. 

The total emissive power of a material is a fraction 
expressing the ratio between the rate of radiation from 
its surface and the rate of radiation from the surface of 
what is known as “a perfectly black body” at the same 
temperature. This latter is a definite maximum rate 
which is accurately known despite the fact that no actual 
surface is “‘perfectly black.” Electrical resistivity re- 
quires no explanation. The electromagnetic theory 
affords a basis for calculating the emissive power of a 
metal from its resistivity and temperature. A general 
formula connecting these quantities was first calculated 
about twenty years ago by Aschkniass in Germany. The 
formula was tested by not very precise measurements 
and found to be approximately correct. 

In the present article a new formula is calculated which 
is in closer accord with the requirements of the electro- 

11 Jour. of the Optical Soc. of Am., Vol. 8. May, 1924. 
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magnetic theory. This new formula has been tested by 
fairly precise observations on platinum and the results 
of these tests are presented. It is found that at 700° K. 
the calculated emissive power is about ten per cent. 
greater than the observed, while at 1500° K. it is ten 
per cent. lower. At other temperatures between 300° K. 
and 1500° K. the discrepancies are less. It is pointed out 
that these discrepancies probably arise from two causes: 
first, the variation in resistivity of a metal with frequency 
at very high frequencies (10 per sec.), and second, the 
effect on the radiation from the metal of natural periods 
of vibration of groups of electrons within the atom. Such 
discrepancies were expected and are in accord with other 
observations on the optical properties of metals. 

A Note on the Thermodynamics of Thermionic Emis- 
sion, by C. Davisson. Electrons are not employed as a 
“working substance” in heat engines in place of steam or 
mercury vapor; and probably they never will be so em- 
ployed. It is useful, nevertheless, to speculate on the 
behavior of a hypothetical engine in which pressures are 
supplied by bodies of gaseous electrons and in which heat 
is absorbed by vaporizing these electrons from metals 
and in moving them about through conductors from one 
part of the system to another. The reason for this is that 
when the speculations take the form of rigorous applica- 
tion to the system of the principles of thermodynamics 
certain relations emerge which may be expected to obtain 
among the measurable quantities connected with thermi- 
onic phenomena, such as the rate of emission of electrons, 
the temperature of the emitting surface, the heat of 
vaporization of the electrons, etc. ; 

In the present note one of the fundamental arguments 
of this sort is put into a more rigorous and, therefore, a 
more acceptable form. In previous arguments it has 
been customary to assume very tenuous bodies of electron 
vapor in order that effects arising from mutual repulsions 
between individual electrons might be neglected. In the 

12 The Philosophical Magazine, Vol. XLVII, March, 1924. 
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argument here given this restriction is removed by includ- 
ing in the calculation the effect of such action. The con- 
clusions arrived at in this more general argument are 
identical with those previously obtained. 

Permeameter for Altering Current Measurements at 
Small Magnetizing Forces,* by G. A. Kelsall. This is a 
description of a permeameter for making alternating 
current measurements of permeability on toroidal speci- 
mens at small magnetizing forces and at telephonic fre- 
quencies. It is a special type of transformer with a single 
turn secondary. ‘The primary consists of a suitable 
number of turns of insulated copper wire wound directly 
on a finely divided toroidal magnetic core made of one of 
the high permeability permalloys. The single turn 
secondary is an annular copper shell enclosing the primary 
with an additional space provided for the core to be tested. 
The copper shell is provided with convenient means for 
opening and closing. The sample whose permeability is 
to be determined is interlinked with the open secondary 
which is then closed. The inductance of the instrument 
connected as one arm of an inductance bridge is then 
measured at the primary terminals. From the value thus 
obtained, the constants of the transformer and the dimen- 
sions of the sample, the permeability is computed. 

Furnace Permeameter for Alternating Current Measure- 
ments at Small Magnetizing Forces, by G. A. Kelsall. 
This is an adaptation of the permeameter previously 
described’ for the measurement of permeability at ele- 
vated temperatures. It consists essentially of a per- 
meameter with the addition of an annular electric furnace 
immediately surrounding the sample under test and 
suitably heat-insulated from the other parts of the 
instrument. Like the simpler permeameter, it measures 
the permeability of ring samples for small magnetizing 
forces at telephonic frequencies without the necessity of 
winding magnetizing coils upon them. The maximum 


18 J. O. S. A. and R. S. I. 8, pp. 329-338, 1924. 
14 J. 0.8. A. and R.S. I. 8, pp. 669-674, 1924. 
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temperature at which measurements can be made with 


this apparatus is about 1000° C. By filling the unheated 
furnace with liquid air, a minimum temperature of 
—190° C is attainable, making the whole range of the 
instrument about, 1200° C. 

The changes introduced in order to adapt to per- 
meameter for measurements at different temperatures do 
not impair its accuracy, the determination of permea- 
bility at both high and low temperatures having the same 
precision as at room temperature. 
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Notes on Recent Occurrences 





THE PRESIDENTS’ CONFERENCE 


HE fifth Yama Farms Conference of Presidents and 

Executives of the Bell System was in session from 
May 21 to 28. The results of last year’s operation were 
reviewed and studies of the trend of operating efficiency 
and expenses were discussed. The picture of these general 
conditions was a favorable one, and distinctly encouraging 
to those who were directly responsible for the operation 
of the Bell System. 


There was general discussion on the need for rate 
adjustments where rates have not yet been adjusted to 
meet present conditions, both by the executives of the 
American Telephone and Telegraph Company and by 
the Presidents of the Associated Companies. 


The broad aspects of the development and research 
work, financing, commission regulation, publicity and the 
continued need for better public relations were among 
the topics discussed at some length. 


The conference lasted one day longer than usual and 
was especially interesting because of the effective dis- 
cussion of matters which are important for the good of 
the service and the success of the Associated Companies 
of the Bell System. 





GENERAL COMMERCIAL CONFERENCE 


IFFERING somewhat from previous commercial 

conferences, the General Commercial Conference 
held at Shawnee-on-Delaware, Pa., June 4 to 11, 1924, 
was largely devoted to operating matters rather than to 
the technical features of commercial engineering and 
commercial methods work. The conference was a rela- 
tively small one in point of numbers in attendance, the 
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Associated Companies being represented in most cases 
by the general commercial managers only. There was 
also a representation from the New York headquarters 
staff of the American Telephone and Telegraph Company, 
including Mr. Thayer, Mr. Gifford, Mr. Gherardi, Mr. 
Halk, and Mr. Bloom. 

In view of the fact that telephone rates are being 
increased in the territories of a number of the Associated 
Companies, the rate problem was discussed quite fully 
at the Shawnee conference. In discussing the revenue 
situation, Mr. Gherardi called attention to the fact that 
during the period from 1914 to 1923, cost of living has 
increased about 65 per cent., wages in manufacturing 
industries 120 per cent., wholesale commodity prices 
about 54 per cent., while telephone rates have increased 
only 27 per cent. These figures indicate clearly that 
telephone operation is being carried on now more effi- 
ciently than in 1914, and that the need for rate increases 
arises largely from the change in the purchasing power 
of the dollar. 

The problem of selecting and training commercial 
department personnel was discussed, with special atten- 
tion to the necessity of insuring for the future an adequate 
supply of trained men for the more important supervisory 
and staff positions. An estimate of the personnel require- 
ments of the System for the next few years made it clear 
that systematic attention to the selection and training 
of men for supervisory positions must continue if vacancies 
are to be filled satisfactorily as they occur. General 
training methods for commercial employees were also 
reviewed. 

In discussing current operating results, the necessity 
for the best possible estimates was stressed. It was pointed 
out that the budgetary plan of the Bell System rests on 
the foundation of the station estimates, and the impor- 
tance of station estimates in current operations as well as 
in planning for the future was indicated. 

With regard to sales and service work, the program 
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developed involves increased emphasis on the service 
features of communications in all walks of business life. 
There are large possibilities in developing the sale of 
service use in addition to the selling of service. Coopera- 
tion with national trade and industrial associations, and 
with large business establishments in studying the com- 
munications needs of various industries, is progressing 
rapidly, and with other sales activities has been and will 
be productive of excellent results. 


A review of commercial office methods indicated a 
marked improvement in the business service of the tele- 
phone companies to the public. Methods of studying 
the cost efficiency of business office work, which have been 
under development for some time, were discussed with 
the idea that they would be put into use quite rapidly. 


In view of the fact that the matter of connecting 
company relations, which constitutes one of the important 
phases of commercial work, had been recently discussed 
with all Associated Companies at a series of group con- 
ferences held early in 1924, the discussion of connecting 
company matters was limited largely to a consideration 
of ways in which the Bell System may be of service to 
the large group of independent telephone companies with 
which it connects. 


A review of recent developments in directory work 
showed a marked advance in the last two years in securing 
improved appearance and service value from directories, 
along with substantial economies. A summary of the 
discussion of directory developments as presented at the 
conference will be found on another page of this issue of 
the BELL TELEPHONE QUARTERLY. 


Of special significance at the Shawnee conference was 
the forward-looking viewpoint taken by the commercial 
people in discussing plans for improving not only service 
to the public, in the broad sense of the word, but also 
operating results as affected by the work of the com- 
mercial departments. 
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THE BELL ROOM AT SALEM 


N June 5 there was a meeting of historical interest 

to all telephone people in the Salem, Massachusetts, 
Young Men’s Christian Association building, which is 
located on the site of the old Sanders house. There 
Alexander Graham Bell tutored the deaf child of Thomas 
Sanders and did much of the experimental work that led 
up to the invention of the telephone. On this occasion 
a room was dedicated as a memorial of the association 
of the location with the telephone. A set of models of 
early telephone instruments, made under the supervision 
of Wilton L. Richards of the Bell System Historical 
Museum, was presented by E. W. Longley, Vice-President 
of the New England Telephone and Telegraph Company. 
Mr. H. B. Thayer, President of the American Telephone 
and Telegraph Company, and John J. Carty sent mes- 
sages of congratulation expressing the interest felt 
throughout the Bell System in such a historic occasion. 





DEMONSTRATION OF STETHOPHONE BEFORE 
THE AMERICAN MEDICAL ASSOCIATION 


NE of the new developments of the Western Electric 

Company is an electrical stethoscope or stethophone, 
capable of reproducing electrically and amplifying heart 
and chest sounds of interest to the physician. This 
instrument was demonstrated before several large groups 
of visiting physicians at the annual convention of the 
American Medical Association in Chicago, June, 1924. 
Under the direction of Dr. C. J. Gamble of Philadelphia, 
and Dr. Paul D. White of Boston, three forty-five-minute 
demonstrations were given in the moving picture theatre 
as well as continuous daily demonstrations for small 
groups in two exhibit booths. 

In the moving picture theatre, a temporary installa- 
tion of special individual telephone receivers made it 
possible for over five hundred persons to listen to the same 
sound simultaneously. Each person was provided with a 
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receiver and was able to hear clearly the heart or chest 
sounds of patients on the stage by holding the chestpiece 
of his own pocket stethoscope against the cap of the 
telephone receiver. With the stethophone it was possible 
to reproduce satisfactorily for the benefit of the audience 
a variety of pathological sounds such as heart murmurs 
and rales of a large number of patients. The peculiarities 
of each case were described to the audience over the 
electrical system by the lecturer, who directed his voice at 
that portion of the body to which the stethophone trans- 
mitter was applied, so that it was picked up by this 
transmitter. Speech reproduced in this way was found 
to be highly intelligible. The difficult task of demon- 
strating very faint fetal heart sounds was also success- 
fully accomplished. 

An additional feature was the reproduction and demon- 
stration over the electrical distribution system of a set 
of phonograph records representing a variety of heart 
murmurs. These records had previously been produced 
in our laboratories with clinical material obtained from 


the Presbyterian Hospital in New York City. 





Organization Changes 


MountTAIN STATES TELEPHONE AND TELEGRAPH Co. 


Frederick H. Reid elected President. 


Clerk, office of General Superintendent, Mountain . 
States Telephone and Telegraph Company, August 1, 
1902; Chief Clerk to General Superintendent, January 1, 
1904; Chief Clerk to General Manager, February 19, 
1907; Assistant to Vice President and General Manager, 
January 1, 1913; Assistant General Manager, January 1, 
1915; General Manager, January 1, 1920; Operating 
Vice President, Southern Bell Telephone and Telegraph _ 
Company and Cumberland Telephone and Telegraph 
Company, March 1, 1922; President, Mountain States 
Telephone and Telegraph Company, June 10, 1924. 


Roderick Reid elected Vice President. 


Bookkeeper, auditing department, Mountain States 
Telephone and Telegraph Company, March 1, 1900; 
Chief Clerk to Auditor, February 1, 1903; Assistant 
Secretary and Assistant Auditor, January 15, 1908; 
Auditor, January 10, 1910; General Auditor, July 17, 
1911; Vice President and General Auditor, May 13, 1924. 


SOUTHERN BELL TELEPHONE AND TELEGRAPH Co. 
CUMBERLAND TELEPHONE AND TELEGRAPH Co. 


Ben. S. Read elected President. 


Toll Station Agent and Messenger, Cumberland Tele- 
phone and Telegraph Company, at Carthage, Tenn., 
where he was later Manager, 1890; Shop course and gen- 
eral training, Nashville, Tenn., 1901; Manager, Owens- 
boro, Ky., 1903; Manager and Metropolitan District 
Manager, Louisville, Ky., 1904; Manager, New Orleans, 
La., 1906; Division Superintendent for Louisiana and 
Mississippi, New Orleans, La., 1908; General Manager, 
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The Bell Telephone Company of Missouri, Eastern 
Missouri and Arkansas, St. Louis, Mo., 1912; General 
Manager, the Missouri and Kansas Telephone Company, 
Western Missouri and Kansas, Kansas City, Mo., 1913; 
Operating Vice President, Southwestern Bell Telephone 
System, now Southwestern Bell Telephone Company, 
1914; Director of Commercial and Rate Matters for the 
Bell System, under the Operating Board of the United 
States Telephone and Telegraph Administration during 
period of Government control; President, Mountain 
States Telephone and Telegraph Conipany, 1919; Presi- 
dent, Southern Bell Telephone and Telegraph Company, 
June 10, 1924, and of Cumberland Telephone and Tele- 
graph Company, June 13, 1924. 


Tue CHESAPEAKE AND Potomac TELEPHONE COMPANY 
AND ASSOCIATED COMPANIES 


Samuel M.Greer appointed Vice President. 


Clerk, New York and New Jersey Telephone Com- 
pany, Brooklyn, N. Y., 1890; various positions in Con- 
tract Department, Metropolitan Telephone and Tele- 
graph Company and in New York Telephone Company, 
with which two companies above mentioned were merged; 
Chief Clerk in office of President, New York Telephone’ 
Company; Division Commercial Manager, Long Island, 
1907, and New Jersey, 1909; Assistant General Com- 
mercial Manager, 1910; Metropolitan Manager, in charge 
of Commercial matters in and around New York City, 
July, 1911; Commercial Superintendent, Chesapeake and 
Potomac group of companies, 1913; engaged in Red Cross 
work at Washington headquarters during war, and from 
1918 to 1924 as Vice President of Bankers Trust Company, 
New York City. Returned to Chesapeake and Potomac 
group of companies as Vice President, March 25, 1924. 








